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Cardiac imaging 50 years on 


AL MUIR 


From the Department of Medicine, Royal Infirmary, Edinburgh 


When the Cardiac Club became the British Cardiac 
Society 50 years ago radiological examination was 
the only means of imaging the heart; however, the 
physical basis of many of the newer forms of imaging 
was already established. Roentgen’s exciting discov- 
ery of 1895 stimulated Williams to report on x ray 
examination of the heart the following year. He 
noted that “the pulsations of the heart may be fol- 
lowed with the fluoroscope, not only ventricular, but 
also auricular contractions and dilatations” and he 
went on to comment that the first medical case he 
examined was that of a man with an enlarged heart 
(seven inches in transverse diameter).! That he 
managed to image the heart, although the man was 
wearing two shirts and a waistcoat, speaks more for 
his skill than the sartorial style of his subject. Roent- 
genology of the skeleton and chest rapidly 
progressed, although xenophobia during the first 
world war changed the name of the discipline to 
radiology. Radiological examinanon of the heart was 
slow to spread, however, and as late as 1920 Sir 
James MacKenzie wrote “Indeed I am doubtful if 
an x-ray examination of the heart has ever thrown 
the slightest light on any cardiac condition”’.? 

But radiology did flourish and by 1933 John Par- 
kinson and Crichton Bramwell, both members of the 
Cardiac Club, had, with Peter Kerley, written three 
important consecutive papers on cardiac radiology 
in the British Medical Journal.? ^? By 1937 the Brit- 
ish Association of Radiologists had been formed and 
in November of that year its first fellowship exam- 
inations were held. There may still have been con- 
troversy about whether an x ray picture was a 
radiograph or a radiogram” but radiology of the 
heart was well established. In 1937 Roesler pub- 
lished his book Clinical Roentgenology of the Cardio- 
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vascular System,® and in 1939 the first volume of the 
British Heart Journal contained a detailed radio- 
logical account of the volumetric reconstruction of 
the heart in health and disease by Spillane who 
wrote that “Radiological study of the heart has now 
become a well recognised and valuable procedure in 


the investigation of a cardiac patient"? 


Early imaging techniques 


Much of radiological investigation was done by 
fluoroscopy, and the red goggles used as an aid to 
dark adaptation became part of the practising cardi- 
ologist’s uniform. Despite the risk of considerable 
exposure to radiation the practice of fluoroscopic 
examination of the heart persisted until the 1960s.'° 
The size and shape of the heart were recorded on a 
chest film by a process sometimes referred to as tele- 
radiography because the patient and film were posi- 
tioned 300cm from the tube, a distance much 
greater than used for fluoroscopy. The motion of the 
heart in systole and diastole could be illustrated by 
kymography. X rays-were passed through the chest 
to a film which moved at a uniform rate behind a 
grid of lead strips. 

In 1937 angiography was in its infancy. Forss- 
mann had already recognised the potential of his 
method of catheterisation for demonstrating the 
anatomy of the heart and great vessels. In 1931 he 
used contrast material to visualise the heart cham- 
bers in a dog.!! In the same year Moniz, de Carva- 
lho, and Lima of Lisbon injected sodium iodide into 
the superior vena cava or the right atrium to produce 
images of the pulmonary circulation in man.!? Late 
in 1937 Castellanos, Pereiras, and Garcia, the Cuban 
pioneers, reported the use of contrast angio- 
cardiography in the diagnosis of congenital heart 
disease.!? !^ The subsequent rapid progress in car- 
diac angiography owes much to these and other pio- 
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neers but also to developments in fluoroscopy and in 
contrast agents. Thorotrast (thorium dioxide) was 
an early popular contrast agent but by 1937 the 
potential hazards of its radioactivity were 
recognised® and diotrast then became the most 
widely used agent for angiography. The safety of 
modern contrast agents of low osmolality was still a 
long way off.!? 

In 1945 Radner reported on his attempt to visual- 
ise the coronary arteries by inserting a 1:5 mm 
needle through the manubrium sterni into the 
ascending aorta and injecting contrast material 
(thorotrast).!® After this report demonstration of the 
coronary arteries was attempted by various tech- 
niques but it was not until selective catheterisation 
was developed by Sones etal’? and the modified 
transfemoral approach was introduced by Judkins 
with thermoplastic preformed catheters that coro- 
nary arteriography became an established tech- 
nique.!? 


Analysis of images 


The nineteenth century mathematician Charles 
Babbage is often credited with early attempts to 
devise a computer; none the less digital computers 
did not become available till the late 1950s. The 
transistor was introduced to the commercial world 
in the early 1960s and the resulting progress in digi- 
tal computing was so rapid that today it is difficult to 
conceive of imaging without the ubiquitous com- 
puter. Subtraction imaging, based on the difference 
between a mask image and the contrast image, had 
been used intermittently in radiology but once the 
image could be digitised subtraction angiography 
became comparatively easy. Subtraction angio- 
graphy has been used to detect regional ventricular 
dysfunction at rest and during exercise.!? Initially, 
it was thought that this technique might avoid selec- 
tive catheterisation; this has been achieved in only a 
limited number of applications, such as carotid 
angiography,?? but subtraction angiography can be 
used to produce images with high definition, and its 
full potential in angiography has not yet been real- 
ised. Digital radiology may also produce a further 
revolution in our ability to store and retrieve radio- 
graphs so that the “missing x ray" may be a thing of 
the past. 

Another outgrowth of digital technology was the 
development of computed tomography. When 
Ambrose and Hounsfield first demonstrated the 
technique?! it was clear that there was to be a revo- 
lution in neuroradiology. The very long scan times 
meant that their technique could not be readily 
applied to the heart, and even the newer machines 
with a scan time of 2-5 seconds limited its use in 
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cardiology. Heat load limitations and the angular 
momentum of rotating x ray tubes made it necessary 
to adopt an alternative strategy. The x ray beam has 
been replaced with a magnetically reflected electron 
beam so the ultimate scan speed i$ limited only by 
the need to cbtain sufficient photons in a short time. 
Exposure times of 50 ms are now possible and com- 
puted tomographic cineangiography has been used 
in a number of centres to demonstrate detailed car- 
diac anatomy. Myocardial perfusion can be assessed 
by examining thin slices of myocardium and noting 
the changes in density of injected contrast agent. 
Computed tomographic cineangiography appears to 
be useful in demonstrating graft patency.” 


Ultrasonography and Doppler 


The rapid developments in electronics and com- 
puting stimulated the use of other physical phenom- 
ena to image the heart. Jacques and Pierre Curie 
described the production of very high frequency 
sound waves from piezoelectric crystals in 18807° 
and by the mid 1930s ultrasound was being applied 
to detect flaws in metals. The technique of sonar 
(sound navigation and ranging), conceived after the 
sinking of the Titanic and originally developed in 
the first world war, was important in the detection of 
submarines in the second world war. Ultrasound 
was first used medically in an attempt to locate brain 
tumours.?* In Britain Donald pioneered the use of 
ultrasound in obstetrics and gynaecology?? and 
shortly afterwards the technique began to be used 
for investigation of heart disease. Early work used 
ultrasound in the same way as x rays, collecting the 
signal once it had passed through the chest, but this 
was abandoned in favour of pulsed reflected ultra- 
sound. Edler in Sweden did much to develop the 
method?S; he used it to recognise the abnormal 
motion of the anterior leaflet of the mitral valve in 
mitral stenosis. By the late 1960s M. mode echo- 
cardiography was being used to identify valve 
function? to detect pericardial effusions,?® 
and to diagnose hypertrophic obstructive 
cardiomyopathy?’ and left atrial myxoma.*° Sub- 
sequent developments in real time and Doppler 
echocardiography have made ultrasound the first 
diagnostic procedure in the investigation of a wide 
range of cardiac conditions. Fetal ultrasound 
investigation can detect congenital heart disease in 
utero?!—a long step forward from the pioneering 
angiograms of Castellanos and coworkers.!? !* 


Radionuclide imaging 


In 1937 few clinicians would have contemplated 
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using radionuclides in cardiovascular investigation, 
but 10 years before Blumgart and Weiss had 
described the injection of radium C salt into an arm 
vein; they timed the arrival of the radioactivity in the 
artery of the opposite arm by the response of a Wil- 
son cloud chamber.?? Radionuclide imaging of the 
cardiovascular system had to await the development 
of improved imaging devices. Rejali and colleagues 
used a rectilinear scanner to investigate blood pools 
of the thorax and abdomen.?? The introduction of 
the large crystal scintillation camera? and 
technetium-99m labelled tracers made it possible to 
view the passage of a tracer bolus through the central 
venous and arterial circulations in a series of camera 
images.) The development of image processing 
with computers and the concept of cardiac gating led 
to the development of techniques for estimation of 
cardiac output and left ventricular ejection fraction. 
Techniques have been developed to quantify valve 
regurgitation and estimate left to right or right to left 
shunting, and further processing of ventricular 
images has produced a whole series of function 
images designed to assist in interpretation of 
regional abnormalities. Kety used radioactive 
sodium to determine blood flow in the myo- 
cardium.?$ Others have injected diffusible tracers 
such as xenon-133 or krypton-85 into the coronary 
artery or into the heart muscle itself and have used 
the disappearance or wash out of radioactivity as an 
index of tissue blood flow. 

Cannon et al used a multicrystal scintillation cam- 
era to derive myocardial blood flow from regions 
corresponding to each of the camera crystals.?? The 
suitability of a series of intracellular cation ana- 
logues of potassium for identifying perfused myo- 
cardium was investigated. Potassium-43 had some 
success but this was replaced by thallium-201, 
which is now widely used by many groups, particu- 
larly to demonstrate areas of transient ischaemia 
after exercise. There are still limitations to thallium 
myocardial scintigraphy and newer technetium 
labelled compounds are being examined and show 
some promise.?9 The development of positron emis- 
sion tomography using carbon-ll, oxygen-15, 
nitrogen-13, or fluorine-18 allows imaging of myo- 
cardial metabolism, and this technique promises to 
be useful for the investigation of regional abnormal- 
ities in perfusion and metabolism.?? Positron emis- 
sion tomography gives a very precise spatial 
resolution and it has encouraged the development of 
three dimensional reconstruction techniques for 
gamma emitting isotopes. This development of 
single photon emission computed tomography is a 
cheaper option than positron emission tomography 
and is more likely to be used in the investigation of 
cardiovascular disease in the near future. 


Magnetic resonance imaging 


Founding members of the British Cardiac Society 
are unlikely to have paid great attention to a paper 
published in 1936 by Gorter in which he reported 
his unsuccessful attempts to find resonance of 
lithium-7 nuclei in crystalline lithium fluoride.^? 
And in 1946 members may have missed reports of 
the successful demonstration of nuclear magnetic 
resonance in letters to Physical Review by Purcell, 
Torrey, and Pound and by Bloch, Hansen, and 
Packard,*! *? but they will have noted the award of 
the 1952 Nobel prize for Physics to Bloch and Pur- 
cell. Nuclear magnetic resonance was used initially 
in chemistry and soon after it was applied to bio- 
chemistry. The metabolism of human muscle can be 
studied by nuclear magnetic resonance spectroscopy 
with phosphorus-31 and as the spatial resolution of 
the technique improves it should lead to an under- 
standing of altered myocardial biochemistry in heart 
diseases, *? 

In 1973 Lauterbur described the concept of imag- 
ing with nuclear magnetic resonance.^* He recog- 
nised that the nuclear magnetic resonance spectrum 
was a one dimensional projection of nuclear density 
along the magnetic field gradient. By applying the 
gradient in a series of directions he was able to 
obtain two dimensional images using a mathematical 
back projection method similar to that used for com- 
puted tomographic x ray imaging. In 1977 Dam- 
adian and colleagues provided the first in vivo 
proton images of the human heart.** Like ultra- 
sound, magnetic resonance imaging does not expose 
the patient to ionising radiation but in contrast with 
ultrasound the radio waves penetrate all the tissue 
including air and bone. Images can be made in any 
plane. Image quality has improved enormously in 
recent years and it is possible to demonstrate 
detailed anatomy and function by nuclear magnetic 
resonance.*® The same techniques can be used to 
demonstrate blood flow*? ** and studies of anatomy 
and function are becoming a practical proposition. 
Another attraction of magnetic resonance imaging is 
its ability to document altered tissue constituents; 
also myocardial changes after infarction are clearly 
visible.*? These changes were thought to be due to 
changes in tissue water but probably also reflect the 
process of cellular infiltration and repair.*° 

Modern imaging now provides detailed know- 
ledge of disordered anatomy and physiology in a 
manner that it was impossible to predict in 1937. 
Many of the methods are expensive, with some there 
is still considerable exposure to radiation of the 
patient and staff, and some are still at a very early 
stage of development. Today we must learn to use 
the available imaging techniques wisely. Tomorrow 


4 


we shall have to assimilate the best of the newer 
methods and discard the others. It would be foolish 
to predict the state of imaging in 2037. Which of 
today’s methods will still be in use? Will imaging be 
based on a physical phenomenon yet to be explored? 
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Acute myocarditis: a diagnostic dilemma 


MARGARET BILLINGHAM 


From Stanford University Medical School, Stanford, California, USA 


Myocarditis, an inflammatory process affecting the 
myocardium, may be caused by any bacterial, viral, 
rickettsial, mycotic, or parasitic organism. In 
Europe and in the United States, however, most 
cases of acute myocarditis seem to be caused by 
viruses. It is often difficult to prove the viral 
actiology in cases of myocarditis and such cases are 
often referred to as idiopathic myocarditis. The 
Coxsackie B enterovirus is especially cardiotropic in 
man, although Coxsackie pericarditis is thought to 
be more common than Coxsackie myocarditis. Cox- 
sackie virus infections commonly appear as epi- 
demics, particularly in the summer and autumn. 
Coxsackie virus types B1 to 5 and A4 and 16 are the 
strains most commonly implicated. The echovirus 
group of enteroviruses, especially types 9, 11, and 
22, can also cause acute myopericarditis. Even when 
a causative organism is isolated it is often not known 
whether direct invasion and tissue damage by the 
infectious agent or a toxic, allergic, or hyper- 
sensitivity response to this agent is responsible for 
the clinical, electrophysiological, haemodynamic, 
and morphological manifestations of myocarditis.! 
Although raised titres of neutralising antibody in the 
serum may suggest viral myocarditis they are not 
necessarily diagnostic. Also viral particles have 
never been seen unequivocally in the myocardium 
except cytomegalovirus in immunocompromised 
hosts. The clinical diagnosis of myocarditis is 
difficult, if not impossible. For this reason, the inci- 
dence and course of the disease have not been estab- 
lished. Some published reports suggest that 
myocarditis improves when immunosuppressive 
agents are given; however, others suggest tbat ste- 
roid treatment may increase the adverse effects of 
myocarditis or even accelerate its course. 

If treatment is to be attempted accurate diagnosis 
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of myocarditis becomes even more important. The 
widespread use of multiple endomyocardial biopsies 
raised hopes that it would be possible to diagnose 
myocarditis more accurately if a histopathological 
examination showed a definite inflammatory 
infiltration of the myocardium. Unfortunately, it 
now appears that the use of the endomyocardial 
biopsy in the diagnosis of acute myocarditis may 
have raised mare problems than it has solved. 


The role of the endomyocardial biopsy in 
viral myocarditis 


Endomyocardial biopsy is now an established and 
safe procedure in experienced hands?? and should 
be well suited to the definitive morphological diag- 
nosis of myocarditis. The role of the biopsy, which 
seemed obvious and exciting, may be summarised 
as: (a) to identify the inflammatory infiltrate within 
the myocardium; (6) to rule out any other causes of 
myocardial disease which might clinically mimic 
viral myocarditis, such as sarcoidosis, hyper- 
sensitivity reaction (eosinophilic myocarditis), or 
idiopathic dilated cardiomyopathy; (c) to follow the 
development of a dilated cardiomyopathy in cases of 
confirmed viral myocarditis (a sequence of events 
long suspected, but apart from anecdotes, never sat- 
isfactorily proved); and (d) to investigate the effect of 
treatment, particularly the controversial one of 
immunosuppression. 


Pitfalls of endomyocardial biopsy in acute 
myocarditis 


There are many reasons why interpretation of myo- 
carditis by endomyocardial biopsy is difficult. Some, 
such as variation in sample size owing to the use of 
different bioptomes, obvious sampling error, and 
the failure to take into account other causes of lym- 
phocytic infiltrates in the myocardium have already 
been noted.* Patients dying of myocarditis were 
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known to have a fulminant interstitial infiltrate of 
inflammatory cells, usually a mixed cell infiltrate 
together with necrosis of the myocardium, but the 
early morphological stages of this disease were 
unclear. The question of whether focal clusters of 
inflammatory cells represented “early” myocarditis 
became an issue. This question was partially 
resolved when several large necropsy series on 
young accident victims (presumed to be healthy) 
revealed lymphocytic infiltrations in 4-10% of 
cases.5 ^? 

As well as the normal occurrence of lymphocytes 
in the heart, small collections of inflammatory cells 
with focal myocyte necrosis are known to be a result 
of the “catecholamine” effect of stress or vaso- 
pressor agents. Some pathologists felt that in the set- 
ting of “clinical” myocarditis these focal collections 
of inflammatory cells were important and myo- 
carditis was diagnosed even though it is known that 
a classical history and symptoms of myocarditis are 
frequently spurious. More important, however, was 
the fact that most endomyocardial biopsies were 
performed on patients who presented in left heart 
failure, which is unlikely to be caused by focal aggre- 
gates of inflammatory cells even if focal myocyte 
damage is present. There is now a vast experience 
(over 10000 endomyocardial biopsy specimens in 
our own centre alone) with biopsy specimens from 
cardiac allograft recipients with acute rejection, 
which is morphologically indistinguishable from 
viral myocarditis and which is therefore a good 
model of viral myocarditis. From this experience we 
have learned that focal myocyte necrosis and 
inflammatory infiltrates do not result in heart fail- 
ure. In fact, it is.clear.that only fulminant, diffuse 
infiltrates that are present in every biopsy fragment 
lead to heart failure. This experience makes a strong 
case against labelling focal infiltrates as myocarditis; 
if the patient is already in heart failure another cause 
should be looked for. Small focal collections of acute 
or chronic inflammatory cells in isolated micro- 
scopic fields must not be over emphasised if clinical 
credibility is to be retained.® 

Dilated congestive cardiomyopathy may present 
suddenly in young athletic patients without previous 
symptoms but with a history of “flu” symptoms 
resembling acute myocarditis. Cardiac biopsy speci- 
mens from these patients also may show a consid- 
erable number of lymphocytes in the myocardium. 
In one study 25% of biopsy specimens from patients 
with dilated congestive cardiomyopathy contained 
considerable numbers of lymphocytes,’ and 87% of 
108 hearts from patients with end stage cardio- 
myopathies who were undergoing transplantation 
showed foci of mononuclear cells.!? Biopsy speci- 
mens from patients with dilated congestive cardio- 
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myopathy have been mistakenly diagnosed as 
myocarditis because pathologists have failed to rec- 
ognise the “background” of the pronounced hyper- 
trophy with large bizarre shaped nuclei and fibrosis 
that distinguishes biopsy specimens from patients 
without coronary disease who have dilated con- 
gestive cardiomyopathy. 

The last two paragraphs summarise some of the 
more important reasons why there is overdiagnosis 
of acute viral myocarditis in many endomyocardial 
biopsy specimens. The reported frequency of 
“biopsy proven" myocarditis from various centres 
ranges from 3% to 41% and 6394!!!? or even 
higher. This causes difficulties not only for clinicians 
treating these patients but also because the results of 
studies undertaken on patients supposed to have 
“biopsy proven" myocarditis may be misin- 
terpreted. Concern about such misinformation, 
together with the need to do a good randomised 
multicentre study on the possible beneficial effect of 
immunosuppression on myocarditis, led to a meet- 
ing in Dallas, Texas, in March 1984 of eight cardiac 
pathologists with experience and interest in the 
interpretation of endomyocardial biopsy specimens. 
The Dallas criteria for a histopathological definition 
and classification of myocarditis were formulated at 
this meeting. 


The Dallas classification 


Because the clinical symptoms of acute myocarditis 
can be mimicked by other cardiac diseases entry into 
any trial of immunosuppressive treatment for acute 
myocarditis must depend on an endomyocardial 
biopsy specimen that shows acute myocarditis. 
Because there were no uniform diagnostic criteria 
for acute myocarditis it was necessary, for the pur- 
poses of the trial, to attempt a classification that any 
pathologist could follow. In brief, the goals of the 
group were (a) to produce a morphological 
definition of myocarditis, (b) to develop histo- 
pathological criteria for the diagnosis of myocarditis, 
(c) to establish a simple reproducible working 
classification, (d) to outline the problems and pitfalls 
of establishing the diagnosis of myocarditis, (e) to 
assess the applicability and reproducibility of the 
classification system itself, and (f) to make this infor- 
mation available to other pathologists and clinicians. 
This goal was attained and a working classification 


and definition was published.* 

There are three diagnostic categories of myo- 
carditis at initial biopsy: 
(a) Active myocarditis (with or without 


fibrosis) —Both an inflammatory infiltrate and dam- 
age of the adjacent myocytes are required for this 
diagnosis. The damage may be frank necrosis but 
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but may consist of vacuolisation, irregular cellular 
outlines, and cellular disruption with lymphocytes 
closely applied to the cell surface. The uninvolved 
myocardium often appears normal. 

(b) Borderline myocarditis (not diagnostic, requires 
repeat biopsy).— This term implies that the 
inflammatory infiltrate is too sparse or that myocyte 
damage is not seen on light microscopy. Additional 
cuts of the original biopsy specimens may demon- 
strate diagnostic changes, in which active myo- 
carditis can be diagnosed without a repeat biopsy. 
(c) No evidence of myocarditis. 

Three categories will be used to classify the results 
of subsequent biopsies: 

(a) Ongoing (persistent) myocarditis.—This diagno- 
sis is made when the degree of abnormality is the 
same or worse than that of the original biopsy speci- 
men. 

(b) Resolving myocarditis.—This diagnosis is made 
when the inflammatory infiltrate is less than in (a) 
and reparative changes are evident. 

(c) Resolved | myocarditis.—No inflammatory 
infiltrate remains and there is no evidence of 
ongoing cellular necrosis. 

It must be emphasised that this exercise was 
prompted, convened, and executed by pathologists 
in the multicentre trial. It was not meant to establish 
a definite classification of acute myocarditis; rather 
the purpose was to test some of the problems 
of diagnosis—for example are small foci of 
inflammatory cells in the heart a manifestation of 
myocarditis? 

The Dallas criteria, however, have been mis- 
understood and misrepresented as a classification 
that sometimes is used as a sine qua non of the histo- 
logical diagnosis of myocarditis, But, as clearly 
stated in the report, our goal was to “establish a sim- 
ple reproducible working classification” in order to 
“assess the applicability and reproducibility of the 
classification system.” Further it was stated that the 
purpose of the report was to present a purely mor- 
phological classification and definition of myo- 
carditis that would be workable and simple for those 
participating in the multicentre trial. We also stated 
that “histology itself may prove not to be the ‘gold 
standard’ for the diagnosis of myocarditis and that 
other features such as physiologic, biologic, bio- 
chemical, or immunologic parameters in the future 
may be shown to be more accurate in assessing the 
presence, prognosis, and treatment of the disease.” 

Pathologists using the Dallas classification should 
be aware that it was devised to achieve more uniform 
diagnosis and that the classification itself has yet to 
be tested. Until the Multi-Centre Myocarditis Trial 
is finished, assuming that sufficient myocarditis pos- 
itive specimens are collected, we will not know 
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whether the small focal myocardial lesions are 
indeed harbingers of myocarditis or whether they 
resolve spontaneously without sequelae. Only then 
can we assess the value of the Dallas classification. 

Endomyocardial biopsy, carefully performed and 
intelligently examined, is a useful diagnostic tool for 
the study and management of many cardiac disease 
states. Many new and useful facts have emerged 
from the use of the biopsy and there is still much 
more to be learned from it. We must take care not to 
jeopardise the credibility of cardiac biopsy by trying 
to use it inappropriately and by not being mindful of 
its limitations. 
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SUMMARY One hundred consecutive patients undergoing coronary artery bypass surgery were 
randomly allocated to a preoperative (24 h) intravenous infusion of isosorbide dinitrate 
(1:5-15 mg/hr) (50 patients) or to placebo (50 patients). The characteristics of the two groups 
were similar. Evidence of acute myocardial ischaemia was sought by continuous electro- 
cardiographic Holter recordings and acute myocardial infarction by the appearance of new Q 
waves and increased activity of the creatine kinase MB isoenzyme. Episodes of acute myocardial 
ischaemia were found in 189/ of patients in the control group and in none of those who received 
isosorbide dinitrate. None the less, the frequency of perioperative myocardial infarction was 
similar (22% and 18% respectively) in the two groups. Perioperative infarction was significantly 
more common in women, in patients with unstable angina or poor left ventricular function, in 
those who had coronary endarterectomy, and in those in whom the aortic clamping time was 
greater than 50 minutes. These factors may have obscured any effect that prevention of pre- 
operative ischaemia had on perioperative infarction. 

Preoperative infusion of isosorbide dinitrate eliminated preoperative ischaemia but did not 
influence the occurrence of perioperative infarction. T'he probable benefits of prevention of pre- 
operative ischaemia on postoperative left ventricular function, which is a determinant of long 
term survival, remain to be established. 


Myocardial infarction is a frequent complication of 'This study was designed to investigate the fre- 


aortocoronary saphenous vein grafting and an 
important cause of perioperative death and long 
term morbidity.! ^? The frequency of infarction has 
been variously reported to be between 4% and 
40%, depending to a certain extent on its 
definition.’ * !9 !! The established causes are inade- 
quate myocardial  protection,!?!? reperfusion 
injury,'!* thrombosis of a native coronary artery, and 
early graft occlusion. Although most infarcts occur 
during and soon after surgery, others may develop 
before the operation begins. Prolonged preoperative 
myocardial ischaemia may be a contributory factor 
in such patients. 
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quency of preoperative ischaemia, its relation to 
perioperative infarction, and the effectiveness of iso- 
sorbide dinitrate infusion in its control. 


Patients and methods 


One hundred patients undergoing coronary artery 
bypass grafting were studied between 1 October 
1983 and 30 September 1984. They were randomly 
allocated to either the control (50 patients) or the 
infusion (50 patients) groups. The two groups were 
found to be comparable in terms of age, sex, clinical 
presentation, risk factors, previous myocardial 
infarction, left ventricular function, the number of 
diseased coronary vessels, medical treatment, the 
number of grafts, and the surgical procedure (table 
1). Ninety two per cent of the patients had chronic 
stable angina that was poorly controlled by medical 
treatment. Only 894 had unstable angina. 
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Table] Patent characteristics 
Control group Infusion group 
Number of patients 50 49 
Age 34-74 39-74 
Mean (3D) age 56 0 (9 4) 565(7 9) 
Male 38 41 
Female 12 8 
Total risk factors 63 67 
Mean (SD) risk factors 15(11) 15(08) 
Old myocardial mfarction 33 
Unstable angina 3 5 
Medical treatment 
blocker 4l 43 
itrates 46 43 

Calcium antagonist 37 38 
Disease extent 

Left main stem 2 6 

3 vessel disease 29 28 

2 vessel disease 15 17 

Single vessel disease 6 4 
Left ventricular eyection fraction: 

>55% 16 14 

Impaired 30-54% 28 28 

Poor <30% 6 1 
Endarterectomy 10 10 
Graft 

Total number 151 159 

Mean (SD) 30(10) 33(08) 

1 1 

2 12 8 

3 20 20 

4 1 18 

5 4 2 
PROTOCOL 


In all patients a standard preoperative routine was 
followed. This included a 12 hour preoperative fast, 
except for the continued administration of anti- 
anginal and other necessary drugs. Fifty patients 
were given an intravenous infusion of isosorbide 
dinitrate (Cedocard, Tillotts) through a battery 
powered portable syringe pump for 24 hours before 
operation. The dose was adjusted to a maximum of 
15 mg/hour to maintain a systolic blood pressure of 
at least 90 mm Hg. There were no untoward side 
effects but in three patients on a small dose of iso- 
sorbide dinitrate the blood pressure dropped during 
sleep. In these patients the infusion was interrupted 
at night and resumed in the morning. 

The standard cardiopulmonary bypass procedure 
was used with a flow rate of 2:4 l/min, systemic 
hypothermia to 27°C, and cold potassium cardio- 
plegia. A small number of patients required addi- 
tional topical cardiac cooling. The aortic cross 
clamping time averaged 20 minutes with an addi- 
tional 10 minutes for each graft and each 
endarterectomy procedure. On average the per- 
fusion time was 15 minutes longer than the clamping 
time. An average of 3:2 grafts was placed per patient 
and 80% of the patients in each group were operated 
on by the same surgeon. 


DETECTION OF ACUTE MYOCARDIAL 
ISCHAEMIA 

In 33 control patients and 34 infusion patients two 
channel continuous Holter electrocardiographic 
monitoring with a frequency modulated (Medilog 2, 
Oxford Instruments) recorder was started 24 hours 
before surgery and continued until the last possible 
moment before surgery, including the period of 
anaesthetic induction. (These two subgroups were 
also closely comparable in relation to those variables 
examined in the control and infusion groups.) The 
recordings were initially examined by visual 
inspection to detect the presence of transient revers- 
ible ST shifts (> 0-1 mV horizontal or downsloping 
ST segment depression, indicating acute myocardial 
ischaemia). Automatic computer analysis was per- 
formed on the positive tapes to give a continuous 
plot of heart rate, ST segment negative area, and 
level of the ST segment 80 ms after the J point. In 
addition, the duration of each ischaemic episode, the 
total number of episodes, and the total duration of 
ischaemia were also calculated. The 24 hour distri- 
bution of ischaemic attacks and their relation to the 
time of operation were noted. 


DETECTION OF ACUTE MYOCARDIAL 
INFARCTION 

Electrocardiogram 

Twelve lead electrocardiograms were recorded 
before operation, immediately after operation, and 
again on the first, third, fifth, and tenth days after 
operation. The development of new abnormal Q 
waves ın at least two leads was regarded as diagnos- 
tic of acute myocardial infarction. 


Creatine kinase 

Venous blood (10ml) was taken 24 hours before 
operation, immediately after operation, and one 
hour and 21 hours after operation for estimation of 
total creatine kinase and creatine kinase MB. Total 
creatine kinase activity in serum was measured at 
37°C in the presence of N-acetyl cysteine by means 
of kits (Smith Kline Instruments Co) and a Clinicon 
Corona Analyser. The reagents conform to the 
Scandinavian recommended method for the esti- 
mation of creatine kinase. 

Creatine kinase MB was measured by a N-acetyl 
cysteine-activated ultraviolet system kit (Boehringer 
Mannheim). The method is based on the immu- 
noinhibition of creatine kinase M. subunit activity 
followed by estimation of the remaining creatine 
kinase activity. We confirmed that residual activity 
was due to creatine kinase MB, and not to the BB 
isoenzyme by cellulose acetate electrophoresis. A 
creatine kinase MB activity of 750 IU/1 was consid- 
ered to be diagnostic of myocardial infarction in 
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Fig 1 
myocardial ischaemia who sustained a perioperative infarction. 


cases with equivocal electrocardiographic changes 
and in those (two patients) with left bundle branch 
block. 


Results 


ACUTE MYOCARDIAL ISCHAEMIA 

There were episodes of transient ST segment 
depression diagnostic of myocardial ischaemia in six 
(18%) of the 33 patients in the control group and in 
none of the 34 infusion patients. There was a total of 
24 transient ischaemic episodes, varying from five to 
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Fig 2 Diurnal distribution of the total number of attacks 
of acute myocardial ischaemia in six control patients. 


Part of the original ST segment plot (ST negative area) of the patient with severe preoperative 


27 minutes in duration. The total duration of 
ischaemia was 329 minutes, varying between five 
and 110 minutes per patient. A patient who had 110 
minutes of preoperative ischaemia (fig 1) died imme- 
diately after operation. The creatine kinase MB 
activity of that patient one hour before operation 
was normal; however, acute infarction was found at 
necropsy. 

The myocardial ischaemic attacks were distrib- 
uted throughout the 24 hour period, but they tended 
to cluster between the hours of five and nine in the 
morning (fig 2) and to increase in the few hours 


25 20 5 0 


15 10 
Time before operation (h) 
Fig3 Distribution of the total number of attacks of acute 
myocardial ischaemia in six control patients during the 
24 hour period preceding operation. 
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immediately preceding surgery, including the 
induction of anaesthesia (fig 3). The total duration of 
myocardial ischaemia during the first 21 hours was 
192 minutes, rising to 137 minutes during the last 
three hours preceding surgery. 


PERIOPERATIVE ACUTE MYOCARDIAL 
INFARCTION 

Twenty patients (20%) sustained a perioperative 
myocardial infarction, and the electrocardiograms 
showed that there were two distinct electro- 
cardiographic patterns of myocardial infarction: (a) 
the typical pattern where the appearance of convex 
ST segment elevation was usually followed (> 12-0 
h) later by new Q waves; (6) the atypical pattern, 
where Q waves appeared much earlier (<6 h) and 
without preceding ST segment elevation. 

Symes et al showed that pattern (a) is caused by 
native coronary artery or graft occlusion (occlusive 
infarction), whereas pattern (b) occurs in the absence 
of vascular occlusion and may be caused by reper- 
fusion injury (reperfusion infarction).!^ Fourteen 
infarcts occurred within six hours of operation and 
can be considered as intraoperative events; half of 


'Table2 Relation of perioperative acute myocardial 
infarction to preoperative and operative factors 





Noof Noof 

Factor patients infarcts % P 
Sex: 

Female 20 8 40 

Male 79 lI 14 «005 
Blood pressure 

H on 33 9 28 

No hypertension 66 li 17 

H 1on/males 24 4 17 

Hypertension/females 9 5 55 «0:05 

emia 
Preoperative ischaemia 6 2 33 
No preoperative ischaemia — 61 10 16 NS 
nstuble angina 8 5 62:5 

Stable angina 91 15 16 «001 
Number of vessels disessed. 

Single 10 1 10 

Double 32 7 22 NS 

'Triple 57 12 21 
Left main stem stenosis: 

t 8 3 38 

Absent 91 17 19 NS 
Left ventricular function 

Normal (BE 2559) 25 2 8 

Impaired (BF 30-54%) 61 14 23 «005 

Poor F «3094 13 5 39 
Aortic clamping ume: 

250 mm 27 10 37 

< 50 min 72 10 13 «005 
Number of grafts- 

One or two 24 4 17 

Three 40 8 20 NS 

Four or five 35 9 23 
Conjunctive endarterectomy 

Present 20 8 40 

Absent 79 12 15 <005 





EF, ejection fraction, 
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these were typical (occlusion) and half were atypical 
(reperfusion). Six patients with reperfusion 
infarction had suffered previous myocardial 
infarction in the same vascular territory, compared 
with two who had occlusive infarcts. Table 2 lists 
the preoperative and operative factors and their 
relation to infarction. 

Three patients (3%) died, all of acute peri- 
operative infarction of the typical (occlusive) type. 
Two were in the control group; one of these had 
suffered prolonged preoperative ischaemia (fig 1). 
The patient in the infusion group developed acute 
myocardial infarction during the second post- 
operative day, 36 hours after the end of isosorbide 
dinitrate infusion, and died. 


Discussion 


Perioperative acute myocardial infarction is an 
important factor determining the morbidity and 
mortality of coronary artery bypass surgery. Recog- 
nition and modification of the factors contributing to 
perioperative infarction may reduce its occurrence, 


ACUTE MYOCARDIAL ISCHAEMIA 

Almost one fifth (18%) of patients with predom- 
inantly stable angina developed appreciable myo- 
cardial ischaemia in the hours immediately before 
operation. Most ischaemic episodes were painless. 
They increased in frequency and duration as the 
operation drzew near, sometimes appearing for the 
first time after premedication or during induction of 
anaesthesia. This increasing tendency for ischaemia 
to develop might have been related to mounting 
anxiety in anticipation of surgery or to the hae- 
modynamic changes that accompany induction of 
anaesthesia. Both factors have been reported to 
induce myccardial ischaemia.!? Declining concen- 
trations of antianginal drugs may have been a con- 
tributing factor, although in most of our patients 
drug treatment was continued up to the time of 
operation. Irrespective of the mechanism of 
ischaemia, infusion of isosorbide dinitrate com- 
pletely prevented the occurrence of acute myo- 
cardial ischaemia. Despite the prevention of acute 
myocardial ischaemia infusion of isosorbide dini- 
trate had no significant effect on the frequency of 
perioperative infarction. This finding may be the 
result of the low frequency of preoperative myo- 
cardial ischaemia, which occurred in only six 
patients in this study of patients with predominantly 
stable angina. Larger numbers of patients or a 
higher frequency of preoperative myocardial 
ischaemia, as might be expected in unstable angina, 
would be required to demonstrate any significant 
effect. The multiplicity of mechanisms causing peri- 
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operative infarction would also tend to obscure any 
reduction in the frequency of perioperative 
infarction related to the prevention of preoperative 
myocardial ischaemia. 


PATHOGENESIS OF PERIOPERATIVE 
INFARCTION 
Two distinct patterns of evolution of perioperative 
infarction were observed electrocardiographically. 
Similar findings have been reported before.!* The 
development of classic ST segment changes evolv- 
ing into Q wave formation is suggestive of the coag- 
ulation necrosis that has been found in association 
with occluded grafts. The early development of Q 
waves without previous evolutionary ST changes is 
compatible with the contraction band necrosis 
which has been found in association with patent 
grafts and non-grafted vessels and has been thought 
to be due to reperfusion injury. Whereas the sudden 
flux of calcium into cells leads to rapid cellular 
necrosis in reperfusion injury, the protein dena- 
turation by acidosis and cellular injury by lysosomal 
enzymes found in coagulation necrosis causes grad- 
ual cell death and results in the classic evolutionary 
changes in the electrocardiogram. Symes et al attrib- 
uted the majority of intraoperative infarcts to reper- 
fusion injury!^ but the electrocardiographic pattern 
in our patients suggests a frequency of approxi- 
mately 50%. Intraoperative infarcts often occur as 
an extension of a previously infarcted territory. 

Other factors were clearly associated with peri- 
operative infarction in this study. The high fre- 
quency in women may be related to the smaller size 
of their coronary arteries and saphenous veins. The 
high frequency associated with endarterectomy has 
been reported by other workers as has the increased 
frequency in those with unstable angina and poor 
left ventricular function. +6718 

Finally, though the incidence of perioperative 
infarction does not significantly increase with the 
number of grafts performed, the speed of operation 
is important. Those patients with technically 
difficult operations needed prolonged aortic clamp- 
ing and they had significantly higher infarction rates 
(table 2). 


Conclusion 


A small proportion of patients with predominantly 
stable angina developed episodes of acute myo- 
cardial ischaemia of increasing frequency and 
duration in the 24 hour period leading up to coro- 
nary artery bypass surgery. Although these episodes 
were abolished by intravenous infusion of isosorbide 
dinitrate, there was no significant impact on the fre- 
quency of perioperative myocardial infarction. This 


reflects the multifactorial nature of the mechanism 
of myocardial infarction. 

Further study is required to investigate the effect 
of preoperative ischaemia on perioperative infarc- 
tion in patients with unstable angina and on post- 
operative left ventricular function, a determinant of 
long term prognosis. À further study is in progress 
in which patient factors, such as endarterectomy, 
that might obscure the effect of isosorbide dinitrate 
have been excluded. 


We thank Tillotts Laboratories for supplying the 
isosorbide dinitrate. 
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Acceleration time in the aorta and pulmonary artery 
measured by Doppler echocardiography in the 
midtrimester normal human fetus 


M V L MACHADO, S C CHITA, LD ALLAN 


From the British Heart Foundation Research Centre for Perinatal Cardiology, Guy’s Hospital, London 


SUMMARY The time to peak velocity was measured by Doppler echocardiography in the pu 

monary artery in 102 normal human fetuses (gestational age 16-30 weeks). Time to peak velocity 
in the aorta was measured in 72. In 58 both measurements could be made in the same fetus. The 
time to peak velocity was shorter in the pulmonary artery than in the aorta. This difference was 


statistically significant. This suggests that in the midtrimester fetus mean pressure in the pu 


monary artery is higher than in the aorta. 


Cross sectional echocardiographic examination of 
the normal fetal heart has become well established in 
recent years.! ? The intracardiac structures can be 
readily identified and the Doppler sample volume 
accurately positioned to allow the characteristics of 
the blood flow velocity waveform through each 
cardiac valve to be evaluated.* 

The prediction of pulmonary artery pressure by 
non-invasive methods in children and adults has 
been reported recently. Studies using Doppler echo- 
cardiography in pulmonary hypertension have 
shown a good correlation between the acceleration 
time and the mean pressure measured by cardiac 
catheterisation.*®° As pulmonary artery pressure 
increased the time from the onset of ejection to peak 
velocity became shorter. 

We compared the acceleration time in the pul- 
monary artery and aorta in a series of normal fetuses 
to assess the relative mean arterial pressures in fetal 
life. 


Patients and methods 


One hundred and two pregnant women were 
selected for fetal echocardiographic examination 
between 16 and 30 weeks’ gestation. The study 
group were referred to us because of a previous fam- 
ily history of congenital heart disease or they came as 
volunteers from the routine antenatal clinic. All the 
Requests for reprints to Dr L D Allan, Department of Perinatal 


Cardiology, 15th Floor, Guy's Tower, Guy's 
St Thomas's Street, London SEI 9R'I 


Hospital, 
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fetuses were examined by a Hewlett-Packa 
722020A phased array sector scanner with a 5 MH 
transducer. The fetal heart was first examined 
cross sectional echocardiography to establish that 
structure was normal. Those with any abnormali 
of pregnancy or of the fetal heart were excluded 
Singleton pregnancies only were examined. G 
tational age was estimated from the fetal biparieta 
diameter and the femoral length or both. The [j 
monary artery or the aorta was imaged in a suitabl 





Fig ! 
pulmonary artery just distal to the valve leaflet 


the dire , 


The Doppler sample volume is positioned in the » 


the angle of interrogation is very close t 


blood flow. 
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orientation with the Doppler sample volume posi- 
tioned distal to the valve leaflets. Only those tracings 
where the direction of the ultrasound beam was 

30 from the direction of blood flow were consid 
ered to be acceptable (figs 1 and 2). The blood flow 
velocity wes displayed on the strip chart at paper 
speed of 100 cm/s and recorded on videotape 

After the examination the measurements were 
made from the videotape. The measurement was 
made on screen by positioning one calliper at the 
onset of ejection and the other at the peak of velocity 
on a frozen frame tracing from the respective valve 
figs 3 and 4). The interval between the callipers was 
then displayed on the screen. Only clear complexes 
were used and the acceleration time was the average 
of 10-20 cardiac cycles. 


Results 





3 E The time to peak velocity in the pulmonary artery 
Fig2 The heart is imaged in the long axis of the left I F D 3 


j , Na ee e é 02 patients 4a ao 'a- 
ventricle (lv). The Doppler sample volume is then placed in was measured in all 1 parens and aortic mea 
the correct ortentation for interrogation of the aortic valve surements were obtained in 72. In 58 fetuses both 
ao, aorta measuremerts were made in the same patient. In 





Fig3 The blood flow velocity waveform through the pulmonary artery. The callipers are positioned at the 


onset of ejection and at the peak of velocity. The time between the two mearurements is shown on the screen 


Acceleration time in the aorta and pulmonary artery in the midtrimester normal human fetu 


INTERVAL 


Fig 4 The blood flow velocity waveform through the aortic valve 





these 58 we compared the time to peak vel 
the great arteries 

Figures 3 and 4 show that the shape of thi 
tracings was similar in the two arteries. Tl 
peak velocity was shorter in the pulmonary art 
than in the aorta (mean (SD) pulmonary art 
0:0321s (0:0085), vs mean (SD) aorta 0:043 
(0:0088)) (p < 0:0000001 by an unpaired : test 
There was no detectable change with gestational agi 
in the time to peak velocity in either of the grea 
arteries (fig 5). 





Discussion 


Fewer measurements of aortic velocity 
obtained because at the start of the study we found it 
more difficult to achieve a small angle betweer 
direction of the beam and the direction of flo 
this vessel. Later in the study measurements in bot 
the aorta and pulmonary artery were read 
Fig5 The time to peak velocities plotted against gestational achieven iñ the correct onentation : 

age for both the pulmonary artery (a) and the aorta (b Kitabatake et al described the close correlation 
There was no association with gestational age. The values for between pulmonary artery pressure and time to peak 
the pulmonary artery (a) vary slightly more than the aortic velocity in 33 adult patients studied by Doppler and 
values (b). cardiac  catheterisation.^ These results 
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confirmed by Serwer et al in a study of 33 children? 
and by Kosturakis et al in a study of 17 children with 
structural heart disease Sr cardiac cath- 
eterisation." 

On the basis of these studies we ‘expect that fetal 
results will also reflect the, relative mean arterial 
pressures found prenatally. Our results suggest that 
between 16-30 weeks’ gestation the mean pressure 
in the pulmonary artery is higher than that in the 
aorta and that this reflects a difference in resistance 
between the two circuits. 

Thus when there is a restrictive ventricular septal 
defect in a fetus there may be a right to left shunt. 
Because the pressure difference between the two 
sides of the heart is probably small, however, the 
shunt is not expected to be large. We have been 
unable to detect shunting in prenatal life through a 
ventricular septal defect by. direct Doppler inter- 
rogation. Some workers who have had the oppor- 
tunity to examine such cases with colour Doppler 
have suggested that there is a left to right shunt.? 
This does not accord with our findings. 

It is perhaps surprising that there was no 
detectable change in pulmonary artery time to peak 
velocity estimations with increasing gestation. Pla- 
cental resistance is known to fall as pregnancy 
advances? !? and this might be expected to affect the 
results of time'to peak estimation in the pulmonary 
artery. 


MVLM is supported by CNPq (Brazilian Govern- 
ment) and SCC and LDA are supported by the 
British Heart Foundation. 
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To what extent does the size of a ventricular septal 
defect correlate with haemodynamic data derived 
from cardiac catheterisation? 
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HIROSHI SUNAGAWA,t HISATAKA YASUI,+ KOHJI UEDA* 


From the *Department of Paediatrics, Faculty of Medicine, Kyushu University; and the 1 Division of 
Paediatric Cardiology and Cardiovascular Surgery, Fukuoka Children's Hospital Medical Centre, 
Fukuoka, Japan 


SUMMARY A simplified model based on Gorlin's formula was used to derive an index of the cross 
sectional area of ventricular septal defects from commonly used cardiac catheterisation data. This 
index was compared with the area of the defect measured during operation and expressed as a 
ratio to the cross sectional area of the aorta. The highly significant linear relation (r = 0.94) 
between this index of the defect area and the size of the defect measured at operation means that 
the severity of a ventricular septal defect can be assessed from haemodynamic data obtained at 
cardiac catheterisation. 


It is generally accepted that in patients with a ven- October 1980 to November 1984. We had cardiac 
tricular septal defect the size of the defect is the most catheterisation data, cineangiogram records, and 
important factor determining the clinical picture records obtained at operation for these cases. Age at 
and haemodynamic function! ^; however, little is operation ranged from three months to 13 years 
known about how the size of the defect affects (median 11 months). The interval from cardiac cath- 
haemodynamic function. The Gorlin formula eterisation to operation ranged from one day to 
describes the relation between the shunt flow and seven months (median 10 days). According to Kirk- 
the pressure gradient across the defect by a theorem — lineral's anatomical classification of ventricular sep- 
of orifice flow. Because the formula does not take — tal defects* there were 13 type I cases, 31 type If 
account of the properties of the vascular systems it — cases, and two type I + H. 

cannot give a complete picture of the haemodynamic 

function. We have expanded Gorlin’s approach and MODEL FOR ANALYSIS OF VEN TRICULAR 

have developed a theoretical model to determine the SEPTAL DEFECT 

basic relation between haemodynamic function and An exact description of the haemodynamics of a 


the anatomical size of ventricular septal defect. ventricular septal defect based on fluid dynamics is 
difficult to devise and may not be practical to apply. 
Patients and methods We therefore used a simplified model to analyse the 
haemodynamics of the defect from the commonly 
STUDY GROUPS used cardiac catheterisation data. This model 


We studied 46 of the 66 children with isolated ven- assumes the following: (a) that pressures in the right 
tricular septal defect who had defects closed at and left ventricles and flow rates through the aorta, 
Fukuoka Children's Hospital Medical Centre from the pulmonary artery, and the defect are constant 

during systole; (b) that shunt flow through the 

defect only occurs from left to right; (c) that left 
Requests for reprints to Dr Mitsuru Fukazawa, Department of ventricular systolic pressure (Piv) and right ventric- 
Paediatrics, Faculty of Medicine, Kyushu University, 3-1-1 ular systolic pressure (Pav) are equal to their peak 
Maidashi, Higashi-ku, Fukuoka 812, fapan. : si ` dian 

systolic pressures; (d) that throughout the cardiac 
Accepted for publication } December 1986 cycle pressures in both the systemic and pulmonary 
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Table Anatomical measurement and cardiac catheterisation data in 46 patients with ventricular septal defect 













Anatomical measurement 


Cass VSD 
type* 


VSD dimension Ao diameter 
(nm x mm)t (mm) 





1 lyr 2mnth I 8x 6 11-4 152 250 035 009 074 
2 9mnth II 10 x 10 114 18-9 3 06 0-90 0-27 075 
3 6mnth II 10 x 10 11 151 2-08 0-98 053 0 67 
4 lyrilmnth I 5x 3 126 166 168 045 023 070 
5 2yr 4mnth I 5x 4 163 21-7 1:53 042 0-20 078 
6 8mnth I 10x 9 108 183 3-30 0-56 0-14 077 
7 5yr Tmnth I 5x 5 167 244 155 034 017 079 
8 12yrlümnth I 3x 3 238 281 120 021 0-14 079 
9 mnth II 8x 8 110 196 247 0 84 0:34 073 
10 lOmnth II 7x 7 110 175 2:05 078 040 071 
ll lOmnth I-II 10x 10 13-3 20-6 2:14 0-88 0 46 070 
12 2yr Omnth II 7x 7 125 192 2:37 0 45 0-17 0-81 
13 7 mnth II 5x 5 98 120 210 0-49 0 23 0-67 
14 limnh I 10 x 10 93 241 3-63 0-81 0-22 072 
15 limnth II Tx 7 132 189 1-94 059 0-24 0-72 
16 7mnth = II 8x 8 11-5 195 242 0 88 034 074 
17 IOmnth H 5x,5 112 148 205 0-51 017 0-73 
18 3mnth II 10 x 10 81 111 185 0-99 058 0-62 
19 5mnth H 6x 6 11-1 163 232 072 026 eT? 
20 7yrlO0mnt I 3x 3 178 216 120 0:24 014 086 
21 6yr 6mnth II 16 x 15 190 266 1 66 099 0-57 0 84 
22 7yr àmnth N 8x 8 16-0 21-5 175 064 046 0-55 
23 4yr Smnth II 10 x 10 160 23-7 2-30 0-38 ' 009 067 
24 lyr 3mnth I-II 12x12 12:9 17-6 347 0-82 0-21 0 69 
25 5mnth = II 8x 8 10-2 16-7 259 092 030 076 
26 .S59mnth I 9x 9 104 167 204 099 0-46 0-69 
27 lyr 6mnth II 14 x 13 118 23-3 162 099 076 0 65 
28 lyr 3mnth I 4x 4 13-5 17-7 180 041 017 071 
29 limnth II 12x 8 100 15:4 2°76 0-90 0-33 0-71 
30 llmnth II 7x 7 11:6 19-3 225 054 0-16 0-67 
31 7mnth II 10x 8 100 18:2 2-40 097 0 36 071 
32 lyr Omnth II 9x 8 13-0 20-8 2:29 081 0-33 076 
33 lyr Omnth II 12 x 12 10-7 20-2 296 0 97 0:29 0:90 
34 Tyr 5mnth I 3x 3 148 164 1-18 0 26 0-13 087 
35 8mnth II 8x 8 115 16-5 258 0 69 025 0-70 
36 5 mnth II 10 x 10 100 144 2-66 0-97 0 33 0 73 
37 lyr 5mnth II 7x 7 12:2 183 218 0-56 0-22 0 59 
38 lyr Omnth II 7x 7 122 17-0 230 0 44 014 0:72 
39 4mnth I 9x 9 9-6 155 3-10 0 82 0 23 072 
40 11 moth II 8x 8 98 131 297 077 019 070 
41 lyr imnth II 8x 8 140 178 236 0-68 025 0 68 
42 l0mnth II 6x 6 111 155 2:54 -049 0-15 065 u 
43 6yr 6mnth I 16 x 14 16-8 20-8 306 091 024 0 89 M 
44 I 8x 5 9-6 183 283 056 018 074 ^ 
45 4mnth II 8x 8 93 14:1 310 0-84 0-25 0 66 
46 3yr 4mnth I 7x 7 137 21-1 1:96 0:38 021 070 





*Kirklin’s anatomical classification.* 
TLong diameter x short diameter. 
VSD, ventricular septal defect; Ao, soruc; PA, pulmonary arterial, QQ.» rauo of pulmonary blood flow to systemic blood flow; Pyv:Piv, ratio of right 


arterial systems are constant and equal to mean vas- 
cular pressures (P, and P,); (e) that flow rates of 
blood through the defect, the aorta, and the pul- 
monary artery are proportional to the cross sectional 
area x. pressure gradient (Gorlin’s formula.? 5) 
An index of the cross sectional area of the defect 
(Avsp index) is defined by the following equation: 


Avsp index = (Q,: Q, — 1) 
x Ja —P,: P, — Pry: Pry) à 


where Q, and Q, are mean pulmonary and systemic 
flow respectively, and the index is proportional to 





the ratio of cross sectional area of the defect to that of 
the aorta (Avsp:Aac), as shown in Appendix equa- 
tions 9-11. To examine this predicted relation, we 
compared the index of the area of the defect 
(Avsp index) derived from cardiac catheterisation data 
with the ratio of cross sectional area of the defect to 
that of the aorta (Aysp:Aao) derived from anatomical 
measurements. 


CARDIAC CATHETERISATION 

Cardiac catheterisation studies were performed dur- 
ing spontaneous respiration in room air after pre- 
medication, usually with 0-1 mg/kg of estazolam or 
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80 mg/kg of triclofos given orally. Pressures were 
measured by fluid filled catheters connected to CTC 
CP-01 transducers. The ratios of right ventricular to 
left ventricular peak systolic pressure (Pry:Piy) and 
of mean systernic to peak left ventricular pressure 
(P,:Prv) were calculated. When the left ventricular 
pressure (Pty) was not measured, peak systemic 
pressure (P,) was used. The pulmonary to systemic 
blood flow ratio (Q,:Q,) and the pulmonary to sys- 
temic vascular resistance ratio (Rp:Rs) were calcu- 
lated by the Fick method. The oxygen saturation of 
haemoglobin was measured by spectrophotometer. 
Oxygen saturation was used instead of oxygen con- 
tent to calculate Q,:Q,, and the content of dissolved 
oxygen was ignored. The oxygen saturation of 
mixed venous blood was measured in blood samples 
from the superior vena cava and the inferior vena 
cava with the ratio of 3 to 1.5 The oxygen saturation 
of pulmonary arterial blood was measured as the 
average of samples from both pulmonary arterial 
branches or in one of them; oxygen saturation of sys- 
temic arterial blood was measured in samples from 
the femoral artery or the aorta. Because the blood of 
the pulmonary vein could not be sampled in most 
cases, the oxygen saturation was assumed to be the 
same as that of systemic arterial blood, ignoring the 
right to left shunt. Because left atrial pressure or 
pulmonary capillary wedge pressure was not always 
available we used total pulmonary vascular 
resistance. The index of defect area (Aysp index) was 
calculated from these data. 


MEASUREMENTS OF CROSS SECTIONAL AREA 

The diameters of the aorta and the pulmonary artery 
were measured at the level of the valve ring on lateral 
view cineangiograms. At angiography the aortic 
valve ring was located near the centre of the lateral 
image screen and had a diameter of 250mm. The 
distance between the x ray tube and the image screen 
was fixed at 900mm, and the object was placed 
approximately 200 mm from the image screen. We 
placed a screen with a lead grid in parallel with the 
lateral image screen at the midpoint of the aortic 
valve ring to measure the dimensions of the aorta 
and the pulmonary artery. Às a guide we used the 
anteroposterior angiogram recorded by video tape. 
The cross sectional areas of the aorta (A4,) and of the 
pulmonary artery (Apa) were calculated from the fol- 
lowing formula, assuming a circular cross sectional 
contour: area = 1/4 x zx x D?, where D was defined 
as the mean value of maximum and minimum 
diameter during one cardiac cycle. Since the size of 
the defect in the beating heart cannot be determined 
exactly, we measured the size in the arrested heart 
with sterile callipers during operation. We assumed 
that the size of the defect in the beating heart had the 


P, 2 2, 


same relation with that in the arrested heart. The 
long and short diameters (Di, and Ds) were mea- 
sured and the cross sectional area (Aysp) was calcu- 
lated, assuming that the defect was ellipsoidal, by 
means of the following formula: Avsp = 1/4 x x x 
Di x Ds. 


Results 


The table shows the anatomical measurements and 
cardiac catheterisation data in 46 patients. The 
figure shows the relation between the index of the 
area of the defect (Avspindex) and the measured 
defect area expressed as a ratio to the aortic area 
(Avsp:Aao). The linear regression equation was: 
Aysp:AAo = 028 x Avsp indox + 0-02 
(r = 0-94, n = 46, p < 0-001). 

'The highly significantly linear relation between 
Avsp index and Aysp:Aa. and the negligible y axis 
intercept indicates that the index of the area of the 
defect derived from cardiac catheterisation data is 
proportional to the ratio of the area of the defect to 
the aortic area. 


Discussion 


The model we proposed for the assessment of the 
haemodynamic function of a ventricular septal 
defect is simple but its application depends on vari- 
ous assumptions. Our results show a basic relation 
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Figure Correlation between the index of cross sectional area 
of the defect (Aysp ex) derived from the cardiac cath- 
etertsation data and the ratio of cross sectional area of the 
defect to that of the aorta ( Aysp ` A ,,) derived from the anat- 
omical measurements. 
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between haemodynamic function and the anatomy 
of the defect; they also suggest that it is important to 
standardise the size of the defect according to cross 
sectional area of the aorta rather than to use the 
defect size itself. 

Cardiac catheterisation is used to evaluate the 
severity of ventricular septal defect and to determine 
indications for operation. Usually three haemo- 
dynamic indices (that is pulmonary to systemic 
blood flow ratio (Q,:Q,), pulmonary to systemic sys- 
tolic pressure ratio (P,:P,), and pulmonary to sys- 
temic vascular resistance ratio (R,:R,)) are used for 
such assessment." 8 The fact that these variables are 
not mutually independent sometimes makes it 
difficult to evaluate the severity of the defect from 
cardiac catheterisation data. We think that a reason- 
able assessment can be made by using two indepen- 
dent indices. That is the index of defect area 
(Avsp index), Which represents the size of the defect, 
and the ratio of pulmonary vascular resistance to 
systemic vascular resistance (R,:R,), which repre- 
sents the vascular property. Apart from six children 
with a type I ventricular septal defect who were 
treated to prevent aortic regurgitation caused by 
prolapse of the aortic cusp, all the others, whose sur- 
gical indications were determined mainly from the 
usual criteria (that is Q:Q, > 2 or P:P, > 0-5), had 
indices for the area of the defect of > 0-75 and ratios 
of defect area to aortic area of >0-2. We therefore 
consider that surgical intervention is not imperative 
in patients in whom the index of area of the defect is 
< 0-75, except when they have a type I ventricular 
septal defect. This criterion for operation corre- 
sponds to a defect to aortic diameter ratio of about 
0:5 in the case of a round defect. 

Equations 12 and 13 in the appendix show that 
our model also allows estimation of the commonly 
used haemodynamic indices (that is the ratio of 
pulmonary to systemic blood flow (Q,:Q,) and the 
ratio of right ventricular to left ventricular peak sys- 
tolic pressure (Pev:Prv)) from the two anatomical 
values (that is the ratio of the defect area to the aortic 
area (Avsp:AA;) and the ratio of the pulmonary arte- 
rial area to the aortic area (Ap4:À4,)) and the two 
vascular indices (that is the ratio of pulmonary vas- 
cular resistance to systemic vascular resistance 
(Rp:R,) and the ratio of mean systemic pressure to 
systolic systemic pressure (P,:P,)). There was a lin- 
ear relation between the haemodynamic indices 
estimated from the model (Q,:Q, es: and Pgy:Pry en) 
and those derived directly from cardiac cath- 
eterisation (Qp:Qs cath and Ppy:PLy cath): The linear 
regression equations were: 


Qp:Qscarh = 0°93 x Qp:Qs en + 020 


(r = 0-92, n = 46),. 


and 


Prv:Piy cath = 1:05 x Pav:PLv en — 0:08 

(r = 094, n = 46), 
respectively. These results indicate the usefulness of 
this model and suggest that the haemodynamic 
features of ventricular septal defect are determined 
mainly by anatomical values (that is Avsp:A4, and 
Apa:ÀAs) and the vascular properties (that is R,:R, 
and P,:P,). 

In conclusion, the index of cross sectional area of 
the defect, deduced from our model, links haemo- 
dynamic function with anatomy. That is, this index 
of area of the defect, calculated from the cardiac 
catheterisation data, correlates well with the area of 
the defect expressed as a ratio to the aortic area. This 
index may be used to grade the severity of the 
disease. Ve are now applying this method to the 
estimation of haemodynamic function from 
echocardiographic measurements. 


Appendix 


MODEL OF VENTRICULAR SEPTAL DEFECT 
Adopting the assumptions described above, we con- 
structed a model of ventricular septal defect. 
According to the Gorlin formula, flow rates through 
the aorta (Fao), through the pulmonary artery (Fpa), 
and through the defect (Fvsp) during systole are 
expressed as: 


Fao = a X Azo x /(Pry — P, 
Fpa x 27 Apa X y Pry — P) (2) 
and Fysp = f x Ayg x V (iy — Prv) (3) 


where the empirical coefficients for FA,, Fpa, and 
Fysp are 1, a2, and fi respectively; and Ao, Apa, and 
Avsp are the cross sectional area of the aorta, pul- 
monary artery, and septal defect respectively. 


0) 


Fp, is the sum of F,, and Fygp as 

Fpa = Fa, t Fygp. (4) 

Systemic vascular resistance (R,) and pulmonary 
vascular resistance (Ry) are determined as 

R, — P,/Q, 6) 

and R, = P,/Q,, (6) 


where Q, and Q, are mean systemic flow and mean 
pulmonary flow. 

The relation between F4, and Q,, and Fp4 and Q, 
can be described as 


and Fpa = Q; x (T/T, 


(7) 
(8) 
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where T and T, are the duration of one cardiac cycle 
and of systolic interval. 

From the above simultaneous equations (1)-(8), 
the following equation can be deduced as 


Aysp : Ano = (41/8) x (Q,:Q — 1) x 


va- P,:PLy/( — Pgy:Biy). (9) 


Here index of cross sectional area of the defect 
(Aysp sader) is defined as 


Aysp index = (Q,:Q, e 1) x 
JO - P,: Py — Pay: Piv). (10) 


Substituting Ays5,,,,5 equation (9) can be 
rewritten as 


Avg : Ako = (a,/B) x Avsp index > 





(11) 


which indicates the proportional relation- between 
Avsp index and Avsp:Aao- 

The second degree equation for Q,:Q, also can be 
deduced from the above equations as: 
[Apa Ago)? + (Avan inaes)”] x (Qp: QD? + 
fy X (Aysp index)” X Rp: R) —2] x (Apa : Ago)? x 
(Q,:Q) + [1 — (+) x (Avsn indar) ] X 
(Ap, : Ago)” = 0, (12) 


where the empirical coefficients a, and a, are 
assumed to be the same, and y is defined as 
y= MOL: P) — 1}. 


Similarly Py : P, , can be deduced as 


Pay: Pry = [(1/7) x (Axs: Ap)? x (Q,:Q,)? + 
RRD x (Q,:Q)] x (B,: P,,). (13) 


P, : P, was used instead of P, : P, , in the calculation. 


We thank Dr Kenji Sunagawa for discussion and 
Mariko Ohara for comments. 
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SUMMARY Plasma concentrations of atrial natriuretic peptide were measured in eight patients 
undergoing elective cardiac catheterisation and angiography. All patients had normal resting 
pressures in the cardiac chambers and no clinical evidence of heart failure. Plasma atrial 
natriuretic peptide rose significantly from the superior vena cava into the right atrium and right 
ventricle. The increase into the right atrium was variable, with no increase in three subjects, but 
there was a consistent increase in all subjects from the superior vena cava to the right ventricle. 
These findings in the right atrium are probably caused by inadequate mixing and streaming of 
blood from the coronary sinus containing high concentrations of atrial natriuretic peptide. There 
was no increase in the concentration of natriuretic peptide from the pulmonary artery to the left 
ventricle, but the concentrations in the left ventricle were significantly higher than in the superior 
vena cava. 

These findings demonstrate that the heart secretes atrial natriuretic peptides in the absence of 
cardiac failure. Studies based on sampling of the right atrium will not accurately measure cardiac 
secretion of atrial natriuretic peptide and will therefore be likely to obscure the mechanisms 
responsible for regulating its secretion. The right ventricle and pulmonary artery are the best 


sampling sites to measure atrial natriuretic peptide release from the right atrium. 


There is increasing evidence that atrial natriuretic 
peptide may be important in the regulation of salt 
and water balance.! The mechanisms controlling the 
release of atrial natriuretic peptide are not yet clear. 
Both in subjects with normal? and with raised right 
atrial pressure,?? plasma concentrations of atrial 
natriuretic peptide in the right atrium have been 
reported to correlate significantly with right atrial 
pressure. However, the plasma concentration of 
atrial natriuretic peptide in coronary sinus blood is 
many times higher than that in peripheral venous 
and right atrial blood.* " Samples of right atrial 
blood are therefore likely to be of incompletely 
mixed venous blood. Richards et aj and Sato et al® 
confined their analysis of the mechanisms deter- 
mining release of atrial natriuretic peptide to study- 


Requests for reprmts to Dr Graham A MacGregor, Blood Pressure 
Unit, Department of Medicine, Charing Cross and Westminster 
Medical School, London W6 8RF 


Accepted for publicanon 9 March 1987 


ing relations with concentrations of atrial natriuretic 
peptide in the pulmonary artery and they did not 
consider changes in plasma concentrations of atrial 
natriuretic peptide at different cardiac sites within 
the same individual. 

We measured plasma concentrations of atrial 
natriuretic peptide in blood samples taken from a 
neripheral vein, the superior vena cava, and in the 
chambers of the heart during routine cardiac cath- 
eterisation and coronary angiography in patients 
who had possible ischaemic heart disease but normal 
cardiac pressures. 


Patients and methods 


The eight white patients (five men and three women; 
mean age 60-5 years, range 54-67) studied were 
undergoing elective cardiac catheterisation as part of 
routine assessment of known or suspected cardiac 
disease (ischaemic heart disease seven; aortic steno- 
sis one). Six were on drug treatment (f adrenergic 
blockers, calcium entry antagonists, nitrates). No 
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patient had overt cardiac failure, and all had normal 
renal and liver function. 

Cardiac catheterisation was performed via the 
right brachial artery under local anaesthesia with 

95 lignocaine. A size 7 French multipurpose cath- 
‘eter (521—776 Cordis Corporation, Miami, USA) 
was inserted and used to measure pressure and to 
take blood samples from a peripheral vein, the supe- 
rior vena cava, right atrium, right ventricle, and pul- 
monary artery. Patients were given 5000 IU heparin 
without bacteriocide immediately after the insertion 
of the arterial catheter (size 8 French National Insti- 
tute of Health catheter 512-845, Cordis Cor- 
poration) that was used to measure arterial and left 
ventricular pressures and obtain blood samples. We 
recorded pressures with a semiconductor transducer 
(Medex Incorporated, Ohio, USA) and fibreoptic 
system (VR-12, E for M/Honeywell, New York, 
USA), taking the mid-axillary line as the zero refer- 
ence point. All recordings and samples were taken 
with the patients supine before the administration of 
radiographic dye. 

Blood for the measurement of atrial natriuretic 
peptide was taken into potassium ethylene diamine 
tetra-acetic acid and trasylol (aprotinin, Bayer, 
2000kIU/10ml blood) and spun immediately at 
4°C. Separated plasma was stored at —20°C. After 
Sep-pak extraction we measured immunoreactive 
atrial natriuretic peptide by radioimmunoassay.? 
Plasma renin activity? and aldosterone!? were also 
measured by radioimmunoassay. 

We used the Statistical Package for Social Sci- 
ences of the North Western Universities (on the 
University of London computer) for statistical 
analysis by paired t test, the binomial test, and 
Pearson and Spearman’s correlation. Results are 
given as mean (SE). 


Results 


PLASMA CONCENTRATIONS OF ATRIAL 
NATRIURETIC PEPTIDE ] 
Plasma concentrations of atrial natriuretic peptide in 
the right atrium (45-2 (8:6) pg/ml), in the right ven- 
tricle (43 8 (7-7) pg/ml) and in the pulmonary artery 
(43-1(6 8) pg/ml) were significantly higher than the 
concentration in the superior vena cava (32-0 
(5-4) pg/ml) (fig1). Examination of individual 
changes from the superior vena cava into the right 
heart showed that in three of the eight subjects there 
was no change into the right atrium (fig 2a), whereas 
concentrations of atrial natriuretic peptide rose from 
the superior vena cava to the right ventricle in all 
eight patients (fig2b). Plasma concentrations of 
atrial natriuretic peptide in peripheral vein were not 
significantly different from those in the superior 


vena cava. Plasma concentrations of atrial natriuretic 
peptide in the left ventricle (38-2 (4:5) pg/ml) were 
significantly greater than those in the superior vena 
cava (p < 0:05). In contrast with the increase in 
concentrations across the right side of the heart, 
concentrations in the left ventricle were not 
significantly different from those in the pulmonary 
artery (figl). Plasma concentrations of atrial 
natriuretic peptide were not significantly correlated 
with right atrial mean or pulmonary capillary wedge 
pressure. However, plasma concentrations of atrial 
natriuretic peptide in the right atrium (r — 0-81), 
right ventricle (r= 0/71) pulmonary artery 
(r = 0-77), and left ventricle (r = 0-82) correlated 
significantly with right ventricular systolic pressure 
(p « 0:05). The significance values quoted for the 
results are for parametric tests. The non-parametric 
tests gave similar values. 


CALCULATED RATE OF SECRETION OF ATRIAL 
NATRIURETIC PEPTIDE 

'There was a mean increase in plasma concentrations 
of atrial natriuretic peptide of 11.7pg/ml (95% 
confidence interval 5-9 to 17:5 pg/ml), from superior 
vena cava to right ventricle. If the mean stroke vol- 
ume is estimated to be 80 ml,!! with a mean heart 
rate of 60 beats/min during the procedures, then the 
calculated mean secretion rate for atrial natriuretic 
peptide across the right atrium in these subjects was 
approximately 940pg/s. This assumes adequate 
mixing of blood by the time it reaches the right ven- 
tricle and no appreciable metabolism of atrial 


60 
z ** 
** 

D 50 
É 
b * 
a 
z 
x 
i 30 

20 

of 





AEP PAF 


Figl Plasma concentrations of atrial natriuretic peptide in 
samples from a peripheral vem (n = 6), superior vena cava 
(n = 8), and heart (n = 8) (*p < 0-05; **p «001 
compared with samples from the superior vena cava). 
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Fig2 (a) Plasma concentrations of atrial natriuretic peptide tn samples from the superior vena cava and right atrium. 
(b) Plasma concentrations of atrial natriuretic peptide in samples from the superior vena cava and right ventricle. ir ANP, 


immunoreactive atrial natriurenc peptide. 


mixing of blood by the time it reaches the right ven- 
tricle and no appreciable metabolism of atrial 
natriuretic peptide during blood transit between 
these sampling sites. However, the mean net cardiac 
secretion of atrial natriuretic peptide calculated from 
the difference in mean plasma concentrations 
between the superior vena cava and the left ventricle 
(6—1pg/ml (95% confidence interval 1-1 to 
11:1 pg/ml) was less, approximately 500 pg/s. 


'Tablel Cardiac catheter pressures m eight patients 





Site Pressure (SE) mm Hg 
R atrial mean 15(11) 
R ventricle systolic 25 0 (1-8) 
R ventricle diastolic 12(08) 
Pulmonary artery systolic 22 0 (0 8) 
Pulmonary artery drastolic 71 g 0) 
Pulmonery artery mean 11a bp 
Pulmo: capillary wedge 45(0-9) 
L ventricle systolic 130 0(7-9) 
L ventricle diastolic 56(12) 
L ventricle end diastolic 42(06) 
Aorta, systoltc 120 6(6-5) 
Aorta, lic 66 2(4 1) 





CARDIAC PRESSURES 

Ali subjects had normal right atrial mean pressure 
(range —2 to 6mm Hg) as well as pulmonary capil- 
lary wedge pressure (range 2 to 10 mm Hg) (table 1) 
and none was hypertensive. 


OTHER MEASUREMENTS 

All subjects had normal renal and liver function. 
Plasma renin activity and aldosterone concen- 
trations were within the normal range (table 2). 


Table2 Aralysıs of blood from the superior vena cava 





Mean (SE) 
Plasma 
Sodium (mmol/T) 136 5(2 5) 
Potassium (mmol/l) 37(0 1) 
Urea (mmol/l) 5:9 (0 6) 
e (molji) 91-4(10 2) 
Calcium (mmol/l 2 32(0 09) 
Albumin (g1) 41 6(1-0) 
Hacmoglobm (g/d!) 13 6(0 5) 
Packed cell volume (%) 0 40(0 i2 
Plasma renin activity (ng/ml/h) 1 26(0-6 
Aldosterone (pmol/l) 363-2 (91 1) 
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Angiography showed normal coronary artery 
appearances in one patient, coronary artery disease 
in six, and both coronary artery disease and aortic 
stenosis in one patient.’ 


Discussion 


Our study shows that the concentration of plasma 
atrial natriuretic peptide increases from the superior 
vena cava into the right atrium and right ventricle 
and clearly. demonstrates that the heart secretes 
atrial natriuretic peptide when cardiac pressures are 
normal. Sugawara eral studied four subjects and 
found a 3~10 fold increase in the concentration of 
atrial natriuretic peptide in the coronary sinus com- 
pared with that in peripheral venous blood.* How- 
ever, the majority of samples weré assayed without 
extraction. This is now known to give erroneously 
high results because of interference from other sub- 
stances in the plasma.” When cardiac samples from 
one individual were measured after an extraction 
procedure no change was found in the plasma con- 
centration of atrial natriuretic peptide from the infe- 
rior vena cava to the right atrium or the right ven- 
tricle and cardiac pressures were not reported. 
Direct assay in this individual gave values that were 
several fold greater than with the extraction pro- 
cedure.* 

More recent studies have used an extraction step 
with either a radioimmunoassay? 5$ or a radio- 
receptor assay? !? to study plasma concentrations of 
atrial natriuretic peptide in subjects undergoing car- 
diac catheterisation. These have included patients 
with cardiac failure?? 3612 and with normal right 
atrial pressures.? $ 6 !? Three of these studies exam- 
ined correlations between concentrations of atrial 
natriuretic peptide in the right atrium and other fac- 
tors.??!? The other two studies considered the 
relation between concentrations of atrial natriuretic 
peptide in the pulmonary artery and cardiac hae- 
modynamic function as well as biochemical mea- 
surements. But none of the above studies have 
examined the changes in plasma concentrations of 
atrial natriuretic peptide from the periphery across 
the chambers of the heart within the same individ- 
ual. 

In our study, we considered in detail the changes 
1n plasma concentrations of atrial natriuretic peptide 
in individual subjects with normal cardiac chamber 
pressures. We found three of the eight subjects had 
no increase in plasma atrial natriuretic peptide in the 
right atrrum compared with the superior vena cava, 
but they did have an increase in the right ventricle. 
In a further three subjects the rise from the superior 
vena cava to the right atrium was greater than the 
rise from the superior vena cava to the right ven- 


tricle. The wide variability in changes in concen- 
trations of atrial natriuretic peptide from the 
superior vena cava to the right atrium in the eight 
subjects is likely to be due to a combination of the 
effects of the large contribution of the coronary sinus 
to atrial natriuretic peptide secretion* "5 streaming 
of blood in the right atrium,!? and within patient 
variation in the positioning of the sampling catheter 
in the atrium. The rise in the concentration of atrial 
natriuretic peptide from the superior vena cava to 
the right ventricle and the pulmonary artery was 
very similar in all subjects; mixing of blood contain- 
ing low concentrations of atrial natriuretic peptide 
with that containing high concentrations is more 
likely to have occurred by the time atrial blood has 
reached these sites. Therefore, studies based on 
sampling the right atrium?? !? are unlikely to be 
appropriate for determining the mechanisms of 
secretion. They may suggest spurious correlations 
and obscure important factors that determine the 
release of atrial natriuretic peptide. 

Studies of the release of atrial natriuretic peptide 
from the heart should include sampling of the right 
ventricle or pulmonary artery or both because this 
will give a more accurate reflection of atrial secretion 
than direct right atrial sampling. Although Richards 
et al5 and Sato er al‘ used this approach they gave no 
evidence to support their contention that the pul- 
monary artery is the more appropriate sampling site. 

'There are several possible explanations for the 
lack of increase in plasma atrial natriuretic peptide 
from the pulmonary artery to the left ventricle that 
we found in this study. It may be that the left atrium 
does not secrete atrial natriuretic peptide. This is 
unlikely, because, although the concentration of 
atrial natriuretic peptide in the left atrial muscle is 
lower, the net amount of atrial natriuretic peptide in 
the left atrium is similar to that in the right because 
the mass of the left atrium is greater than that of the 
right. Inactivation of atrial natriuretic peptide in the 
pulmonary circulation may possibly be important in 
man; however, animal studies have failed to show 
that metabolism of the lungs makes an appreciable 
contribution to the metabolism of atrial natriuretic 
peptide.!^ A more likely explanation is that the left 
atrium secretes atrial natriuretic peptide into the left 
atrial veins which drain into-the coronary sinus and 
then into the right atrium. The study by Ogawa et al 
supports the idea that release of atrial natriuretic 
peptidé by the left atrium may, at least in cardiac 
failure, contribute significantly to circulating con- 
centrations because they found a significant cor- 
relation between plasma concentrations of atrial 
natriuretic peptide in a peripheral vein and pul- 
monary capillary wedge pressure.!? In our study, in 
which patients did not have heart failure, at least as 
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judged by the absence of clinical features and by 
normal resting cardiac pressures, there was no 
significant correlation between plasma concen- 
trations of atrial natriuretic peptide in the heart and 
right atrial pressure. However, the right ventricular 
systolic pressure did correlate significantly with con- 
centrations of atrial natriuretic peptide within ali 
cardiac chambers sampled. The relevance of these 
findings is not clear and the numbers in our study 
were too small to allow definite conclusions to be 
drawn from such correlations. 

Calculation of the secretion rate of atrial 
natriuretic peptide is based on several assumptions, 
but our study shows it should be possible to calcu- 
late approximate secretion of atrial natriuretic 
peptide across the heart, particularly when cardiac 
output is measured simultaneously. Our findings 
indicate that previous reports in which mechanisms 
for the secretion of atrial natriuretic peptide by the 
heart were postulated from correlations between 
haemodynamic and physicochemical variables and 
concentrations of atrial natriuretic peptide measured 
in the right atrium should be re-evaluated and the 
findings confirmed by sampling at sites at which 
mixing of blood is adequate. 


DRJS is a British Heart Foundation Junior 
Research Fellow. GA MacG is a Wellcome Senior 
Lecturer. 
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Serum f-enolase in acute myocardial infarction 


MASANORI NOMURA, KANEFUSA KATO,* AKIO NAGASAKA, 

YUKIO SHIGA, YUTAKA MIYAGI, RYOJI FUKUI, HIROSHI NAKANO, 
YASUHIRO ABO, SATOSHI OKAJIMA, AKIRA NAKAI, TAKAKO OHYAMA, 
HITOSHI HISHIDA, YOSHIHIKO WATANABE, YASUSHI MIZUNO 


From the Department of Internal Medicine, Fujita-Gakuen Health University School of Medicine, Toyoake, 
and * Department of Biochemistry, Institute for Developmental Research, Aichi Prefecture Colony, Kasugai, 
Atcht, Japan 


SUMMARY The enzyme f-enolase (xfj and fif forms) is present in skeletal and heart muscle and 
catalyses the glycolysis of 2-phosphoglycerate to phosphoenolpyruvate. The enzyme was mea- 
sured in serum samples from patients with acute myocardial infarction, angina pectoris, con- 
gestive heart failure, and idiopathic cardiomyopathy. Serum concentrations of -enolase were 
significantly increased in acute myocardial infarction but not in the other cardiovascular diseases. 
Activity peaked approximately 12 to 14 hours after an acute attack of chest pain, and then gradu- 
ally decreased as the patient recovered. The rise and fall in B-enolase concentration were faster 
and steeper than those of creatine kinase activity, particularly in patients in whom activities of 
both these enzymes were less high. The assay of fi-enolase, which is highly specific and sensitive, 
has considerable advantages for the early diagnosis of myocardial infarction and the diagnosis of 
a second episode of myocardial infarction because f-enolase concentration increases very early 


and rapidly and clears quickly. 


These data imply that serum f-enolase may be a more effective marker for early myocardial 
infarction, particularly in milder cases, than measurement of creatine kinase activity. 


Mammalian enolase (2-phospho-D-glycerate hydro- 
lase, EC 4.2.1.11) occurs as dimers composed of 
three immunologically distinct subunits—«x, f, and 
y. ? y-enolase (cy and yy forms) is found in neuronal 
tissues and neuroendocrine cells and fi-enolase («fi 
and ff forms) is found mainly in heart and skeletal 
muscle.?^ The characteristic distribution of these 
enolases suggests that they may be useful as disease 
markers.? * 

Using a sensitive enzyme immunoassay method 
Kato et al have recently confirmed that f-enolase in 
serum is a useful marker for human muscle dis- 
eases. We have measured immunoreactive 
P-enolase in serum samples from patients with vari- 
ous cardiovascular diseases to determine whether 
this enzyme could be used as a marker for acute 
myocardial infarction. 
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Patients and methods 


We studied 26 consecutive patients (aged 38—84, 21 
men and 5 women) with a first acute attack of myo- 
cardial infarction and without neuromuscular dis- 
eases. They were admitted to the coronary care unit 
of our hospital. We also studied 10 patients (all men, 
aged 36-61) with angina pectoris, eight with con- 
gestive heart failure not caused by acute myocardial 
infarction, and three patients with idiopathic cardio- 
myopathy. Cardiac disease was diagnosed by the 
attending cardiologist according to standard criteria, 
which included clinical history, electrocardio- 
graphic and echocardiographic changes, and bio- 
chemical assessment. We excluded patients with 
cardiogenic shock and those on cardiotonic medica- 
tion, except for dopamine, which did not affect this 
enzyme. We also studied 20 normal subjects (15 men 
and 5 women, aged 20-70) and 10 patients with renal 
failure or hepatic disease. Blood samples were col- 
lected every two hours for 34 hours after admission 
from the cubital vein via an indwelling tube contain- 
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ing anticoagulant. Within 30 minutes of collection 
serum was separated from the blood samples by cen- 
trifugation at 3000 rpm for 10 minutes. Plasma was 
obtained from citrated blood by centrifugation. 

We used the f-enolase immunoassay described by 
Kato et al.* The assay system uses polystyrene 
spheres coated with immobilised purified anubodies 
to f subunit and f subunit antibodies labelled with f 
D-galactosidase from Escherichia coli. The fl-enolase 
assay is specific and there is no cross-reaction with 
other forms of enolase.5 Intramuscular injections 
and cardioversion did not markedly alter concen- 
trations of serum f-enolase. 

Serum creatine kinase (EC 2.7.3.2) activity was 
assayed spectrophotometrically with Testomar-C 
CK mono from Calbiochem-Behring, or a Centrifi- 
Chem CK reagent set from Baker Instruments Co, 
by coupling the reaction with hexokinase and 
glucose-6-phosphate dehydrogenase. The normal 
value of total creatine kinase activity is <35 mU/ml. 

Technetium-99m pyrophosphate scintigraphy of 
the myocardium was carried out according to the 
method of Bonte et al” 5 in order to assess the size of 
the infarct. There was a good correlation between 
infarct size and creatine kinase activity; y = 12:2x — 
12-8, r = 0:81, p < 0:001). 

Patients with acute myocardial infarction were 
divided into two groups. Those in whom the con- 
centration of fi-enolase was normal on admission 
and peak creatine kinase activity ( < 300 mU/ml) and 
peak fl-enolase concentration («110 ng/ml) tended 
to be low were identified as mild cases. T'hose with a 
higher than normal concentration of fi-enolase on 
admission, higher peak of creatine kinase activity 
(2300 mU/ml), and peak B-enolase (7 110 ng/ml) 
concentration were defined as severe cases. There 
were 13 patients in each group. 


Results 


The mean (SD) serum concentration of fj-enolase in 
the 20 normal subjects was 5:6 (3-1) ng/ml (range 
1-6-16-7 ng/ml). Concentrations of f-enolase were 
normal in haemolysed serum samples. In the 26 
patients with acute myocardial 1nfarction the serum 
concentration of f-enolase correlated well with 
serum creatine kinase activity (y = 0-41x+ 34-67, 
r — 0:813). 

The peak concentration of f-enolase in serial 
serum samples from patients with acute myocardial 
infarction was significantly raised (4—22 times higher 
than the normal value) (figs 1 and 2). fi-enolase con- 
centration peaked 12-14 hours after an acute attack 
of chest pain lasting more than an hour and then 
gradually fell during recovery. Changes in serum 
B-enolase concentration resembled changes in serum 
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creatine kinase activity in acute myocardial 
infarction (figs 1 and 2). In 13 mild cases the increase 
in fi-enolase concentration occurred before the 
increase in creatine kinase activity and the rise and 
fall in f-enolase concentration were steeper than 
those of creatine kinase activity (fig 1a and b). Com- 
parison of the t* values of the gamma variate func- 
tion for the changes in fi-enolase concentration and 
creatine kinase activity confirmed these data. In 13 
severe cases the difference in the increase in fl-enolase 
concentration and creatine kinase activity showed a 
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Figl Mean (SE) serum B-enolase concentration and 
creatine kmase activity in 13 patients with mild acute 
myocardial mfarction. Increases tn creatine kinase activities 
or B-enolase concentration were significantly higher than 
normal from 6 to 32 hours and from 4 to 26 hours respectively 
after the onset of acute myocardial mfarction. ( Students 

t test for paired values.) Normal values are shown by the 
shaded area. 
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Fig2 Mean (SE) serum B-enolase concentrations and 
creatine kinase activity in 13 patients with severe acute 
myocardial infarction. Increases in creatine kinase activity 
and B-enolase concentrations were significantly higher than 
normal from 4 to 34 hours and from 2 to 34 hours respectively 
after the onset of acute myocardial infarction. Normal values 
are shown by the shaded area. 


similar pattern to that in the mild cases, In the 
patients with normal enzyme activity on admission 
serum f-enolase concentration was higher than nor- 
mal for a shorter time (3-1 (1-5)h) than creatine 
kinase activity (6-1 (2 0)h) (fig 3) and the mean inter- 
val between onset of the symptoms and peak 
B-enolase was significantly shorter (12:3 (0-7)h in 
mild cases and 14-6 (1:0)h in severe cases) than the 
interval to peak creatine kinase activity (16-6 (0-7)h 
in mild cases and 18:6 (1-2)h in severe cases). Serum 
concentrations of B-enolase did not rise in patients 
with angina pectoris or other heart diseases, in those 
with acute hepatitis or renal failure, or in healthy 
subjects after exercising on a treadmill (table). 
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Fig3 Comparison (by Srudent's t test for non-paired 
values) ‘of periods during which serum B-enolase 
concentration or creatine kinase activity were higher than 
normal tn patients with acute myocardial infarction. Means 
(SD) are shown. 


Although the mean value in patients with acute 
hepatitis was twice that in normal subjects, most val- 
ues came within the limits of normal variation (mean 
+ 2SD). We found a significant (p < 0-05) cor- 


Table Mean (SE) B-enolase concentration in normal 
sulyects before and after treadmill exercise and in patients 
anth cardiovascular, hepatic, or renal disease 








B-enolase concentration 
{ng*[ml) 
Normal subjects (20) 56(1 4) 
Treadmill exercise test (7). 
Before 42(10) 
After 4 6 (0-9) 
Angina pectoris (10) 52(10) 
Congesuve heart failure (8) 4-0 (0 8) 
Idiopathic cardiomyopathy (3) 21(05) 
Acute hepauus and liver cirrhosis 
(10) 108(26) 
Renal failure (10) 33(0-5) 
*Bf enolase equivalent 
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Fig4 Correlation between peak serum concentrations of 
B-enolase and ejection fraction in patients mith acute 
myocardial infarction (mild and severe cases). 


relation between the peak concentration of fj-enolase 
and ejection fraction (fig 4) and infarct size measured 
by scintigraphy both in mild and severe cases. 


Discussion 


Many investigators have reported an increase in the 
activity of several enzymes in the serum of patients 
with acute myocardial infarction and have confirmed 
a relation between peak activity of the serum enzyme 
(particularly creatine kinase) snd the size of the 
myocardial infarct. !? The activity of glycolytic 
enzymes, such as pyruvate kinnse!* !$ and 
enolase!$!7 was also reported to be increased in 
acute myocardial infarction. But serum f-enolase 
had not been evaluated as a marker in acute myo- 
cardial infarction. We used a highly sensitive assay 
for f-enolase. We demonstrated that the concen- 
tration of serum f-enolase rose in an early phase of 
acute myocardial infarction. The increase correlated 
well with changes in creatine kinase activity and the 
increase in f-enolase was specific for acute myo- 
cardial infarction; it did not occur in patients with 
other kinds of heart disease who did not have con- 
current neuromuscular disorders in which serum 
concentrations of fl-enolase are raised.!* 

Serum concentrations of B-enolase were normal in 
patients with acute hepatitis and renal failure, which 
suggests that the increase that we found in patients 
with myocardial infarction was not caused by a 
decrease in the degradation rate of this enzyme. We 
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believe that release from necrotic heart muscle 
rather than from blood cells accounts for the 
increase in f-enolase because fi-enolase is not found 
in blood cells. 

The peak concentration of fi-enolase paralleled 
that of creatine kinase MB? ?? and myoglobin.?° ?! 
The B-enolase assay system may be more simple and 
sensitive than assays for creatine kinase and myo- 
globin. A very early and rapid increase in concen- 
tration after the onset of infarction and a quick 
clearance may make f-enolase a better marker than 
creatine kinase for the early diagnosis of infarction 
and thc diagnosis of a second episode of necrosis 
occurring more than a day after the first episode. In 
cases of acute myocardial infarction in which cre- 
atine kinase activity is not very high it may be 
difficult to detect myocardial infarction, and in such 
patients the assessment of serial'changes in serum 
B-enolase concentration may be more useful for the 
early detection of acute myocardial infarction. 

The time required to assay f-enolase concen- 
trations can be reduced to less than an hour if the 
reaction temperature is raised and the size of the 
polystyrene balls is increased.* This enzyme 
immunoassay is cheaper than a radioimmunoassay 
and does not require radioactive reagents. 

Serum f-enolase concentration has been used suc- 
cessfully to estimate the size of myocardial infarcts 
produced in dogs by experimentally induced myo- 
cardial infarction (unpublished observations). 


We thank Yasuhiro Itoh for technical assistance and 
Miss K Makihara and Miss T Kamiya for preparing 
tlie paper and Dr Chris Brünger for critical reading 
of the typescript. 
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A comparison of symptoms and intra-arterial 
ambulatory blood pressure during long term dual 
chamber atrioventricular synchronous (DDD) and 
ventricular demand (VVI) pacing 


N A BOON,* AJ FREW,t JA JOHNSTON, S M COBBE} 
From the Department of Cardiovascular Medicine, John Radcliffe Hospital, Headington, Oxford 


SUMMARY Fifteen patients with dual chamber pacemakers implanted for atrioventricular block 
(11) or sinoatrial disease (4) completed a single blind within-patient comparison of symptoms and 
24 hour intra-arterial blood pressure during long term atrioventricular synchronous (DDD) 
pacing and long term ventricular demand (VVI) pacing. The patients reported significantly less 
breathlessness, fatigue, and dizziness and a significantly greater sense of general well-being 
during DDD pacing than during VVI pacing. Twelve of the fifteen patients expressed a strong 
preference for DDD pacing. Systolic blood pressure tended to be lower and was significantly 
more variable during VVI pacing than during DDD pacing (mean (SD) daytime systolic blood 
pressure 132-4 (17-1) and 140-4 (13-1) mm Hg respectively). Accordingly, episodes of hypo- 
tension were more common during VVI pacing, which may partly explain why the patients 


reported more symptoms during this mode of pacing. 


Dual chamber or atrioventricular synchronous 
(DDD) pacing has several theoretical advantages 
over ventricular demand (VVI) pacing.! These 
include the ability of DDD pacing to maintain the 
norma] activation sequence of atrial and ventricular 
systole and to provide a degree of rate 
responsiveness. 

Several groups have shown that in patients with 
atrioventricular conduction block, long term atrio- 
ventricular synchronous pacing produces better 
haemodynamic function,” a greater effort toler- 
ance,? ^* and fewer symptoms? * than long term ven- 
tricular demand pacing. There is also evidence that 
patents who require pacing for sinoatrial disease 
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experience fewer symptoms during atrioventricular 
sequential pacing than during ventricular demand 
pacing.” Because most patients receiving pace- 
makers are elderly, the maximum effort tolerance 
achieved during a treadmill test is probably of little 
relevance to their daily life. However, any 
improvement in symptoms such as dizziness, short- 
ness of breath, or in general well-being is clearly 
worth while. 

In some patients ventricular demand (VVI) 
pacing can induce episodes of pronounced symp- 
tomatic hypotension,®’ a condition often known as 
the pacemaker syndrome. Atrioventricular syn- 
chronous (DDD) pacing may help to prevent such 
attacks, at least in patients with the carotid sinus 
syndrome.® Same of the symptoms reported during 
ventricular demand pacing, particularly minor dizzy 
spelis, may be due to less florid forms of this phe- 
nomenon. We have, therefore, compared symptoms 
and intra-arterial 24 hour ambulatory blood pres- 
sure in a group of unselected patients during long 
term dual chamber (DDD) and long term ventricu- 
lar demand (VVI) pacing. Some of these data have 
been presented in preliminary form at the British 
Cardiac Society.? 
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Comparison of symptoms and intra-arterial ambulatory blood pressure during DDD and VVI pacing 
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Fig 1 Design of the study. 
Patients and methods of the electrocardiogram and intra-arterial pressure. 


PATIENT SELECTION 

Dual chamber pacemakers (Cordis 233F or Bio- 
tronic Diplos 05) were implanted in a group of 18 
patients chosen at random from those receiving 
pacemakers at the John Radcliffe Hospital during 
the period of the study. The indications for pacing 
were: complete heart block and syncope (6), com- 
plete heart block with presyncope or shortness of 
breath (3), asymptomatic complete heart block (1), 
left bundle branch block and syncope (1), sinoatrial 
disease with syncope (3), sinoatrial disease with pre- 
syncope (1). The only exclusion criteria were the 
presence of atrial fibrillation or angina on effort. 
Patients were invited to take part in the study when 
they came to the hospital for routine checks one 
month after implantation of the pacemaker. 
Informed written consent was obtained in every case 
and the study was approved by the Central Oxford 
Regional Ethics Committee. 


PROTOCOL 

Figure 1 shows the design of the study. After 
recruitment, patients were randomly allocated, 
single blind, to either VVI pacing at a rate of 70 or 
72 per minute or DDD pacing with a back up rate of 
60 per minute (the atrioventricular delay and atrial 
refractory period were selected by the cardiologist in 
charge of the case). After an equilibration period of 
at least four weeks each patient underwent a symp- 
tom assessment and a 24 hour ambulatory recording 


The pacemaker was then programmed to the 
opposite mode and the observations were repeated 
after a further equilibration period of at least four 
weeks. Several laboratory measurements were made 
immediately before each 24 hour blood pressure 
recording and these will be the subject of a separate 
report. At the end of the study the pacemaker was 
reprogrammed to the DDD mode unless the patient 
had expressed a strong preference for VVI pacing. 


DATA COLLECTION 

Symptom assessment 

Shortness of breath, dizziness, fatigue, and general 
well-being were assessed at each visit on a 10cm 
visual analogue scale. At the end of the study 
patients were asked to express a preference for one of 
the two forms of pacing. 


24 hour ambulatory blood pressure and 
electrocardiogram recording 
The Seldinger technique was used to place a Teflon 
cannula (internal diameter 1mm, Plastimed) in the 
brachial artery of the non-dominant arm. This was 
connected to a portable perfusion pump, transducer, 
and miniature analogue tape recorder (Oxford 
Medilog).!° The surface electrocardiogram and 
pacemaker spike were recorded on additional chan- 
nels of the tape recorder. 

Patients were asked to keep a diary of the day’s 
events and were encouraged to remain as active as 
possible during the period of the recording. All but 
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four patients returned to their homes for the 
duration of the recording; those who stayed in hos- 
pital remained ambulant during the day. In every 
case one of the investigators checked the apparatus 
carefully immediately before the patient retired to 
bed. Unfortunately, in three cases the cannula 
became partly or completely blocked during the 
night; the nocturnal records for these patients were 
excluded from the final analysis. 


DATA ANALYSIS 

Beat to beat analyses of the 24 hour blood pressure 
and electrocardiogram records were made with an 
Eclipse S200 computer programmed to analyse the 
systolic blood pressure, diastolic blood pressure, 
arithmetic mean blood pressure, and RR interval. 
Data collected while the patients were asleep were 
analysed separately from data collected while they 
were awake. 


STATISTICAL METHODS 

We used Students paired : test to compare 
differences in blood pressure and the Wilcoxon 
signed rank test for paired data to compare 
differences 1n all other variables. 


General 


Shortness 
of breath Dizziness Fatigue well-being 
* * 


10 * 








Fig2 Symptom scores during DDD and VVI pacing. Data 
are presented as the median (bar), interquartile range (box), 
and full range of values. *p < 0-05 Wilcoxon signed rank 
test; n = 15. 


Boon, Frew, Johnston, Cobbe 
Results 


PATIENT DBTAILS 

Eighteen patients entered the study but we with- 
drew three patients after they completed the first 
limb of the study. One of these three patients was 
withdrawn from the study because he was found to 
have a disseminated malignant tumour. Angina 
developed in the other two; in one this was associ- 
ated with a change from DDD to VVI pacing and in 
the other it was associated with a change from VVI 
to DDD pacing. 

Fifteen patients (13 men, 2 women) completed the 
study. Of these, seven were allocated to VVI pacing 
followed by DDD pacing and eight were allocated to 
DDD pacing followed by VVI pacing. The mean 
age of these patients was 69 years (range 54-81 
years). 

Two patients with sinoatrial disease and one 
patient with complete heart block had demonstrable 
ventriculoatrial conduction at the time of the pace- 
maker implant. A fourth patient, who was paced for 
sinoatrial disease, was shown to have intermittent 
ventriculoatrial conduction during the course of the 





Fig3 Distribution of the RR interval, defined to the nearest 
8 ms, during DDD and VVI pacing during wakefulness 
(n = 15) and sleep (n = 12). The data are presented as a 


frequency histogram that sncludes every recorded heart beat 


in every patient. 
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Table Mean (SD) blood pressure while patients were 
awake or asleep 


VVI pacing DDD pacing 

Awake (n = 15). 
Systohc BP 132 4 (17 1) 140-4* (13 1) 
Mean BP 94 2 (14 4) 979 (99) 
Diastolic BP 744031) 747 (103) 

Asleep (n = 12), 
Systolic BP 118 2 (17 7) 1195 (149) 
Mean BP 85 6 (10 8) 850 (11 8 
Diastolic BP 680 (7:7) 642 (116 


*p < 002, Student's paired ¢ test. BP, blood pressure 


study. In the other eleven patients ventriculoatrial 
conduction was not seen. 


SYMPTOMS 

The patients, as a group, reported significantly less 
shortness of breath, dizziness, and fatigue during 
DDD pacing (fig 2). DDD pacing was also associ- 
ated with a significantly greater sense of general 
well-being (fig 2). At the end of the study twelve 
patients expressed a strong preference for DDD 
pacing, two patients expressed no preference, and 
one patient expressed a strong preference for VVI 
pacing. 


HEART RATE AND RHYTHM 

Figure 3 shows the distribution of the RR interval 
(measured to the nearest 8ms) during VVI and 
DDD pacing while the patients were asleep and 
awake. The data are presented as a cumulative fre- 
quency histogram for all fifteen patients. During 
VVI pacing the pacing rate was either 70 or 72 per 
min whereas during DDD pacing the back up rate 
was 60 per min. The median values for the daytime 
RR intervals during DDD (805ms) and VVI 
(828ms) pacing were not significantly different. 
There was a much greater range of RR interval dur- 
ing DDD pacing. At night the median RR interval 
was significantly longer during DDD (946ms) 
pacing than during VVI (844 ms) pacing (p < 0-01, 
Wilcoxon signed rank test). 

Analysis of individual records showed that during 
VVI pacing all but one patient experienced nearly 
continuous ventricular pacing. The remaining 
patient was in sinus rhythm for most of the time. 
Three other patients had episodes of sinus rhythm 
during the 24 hour period; a further three patients 
experienced quite frequent ( 7 1 per min) ventricular 
ectopic complexes and one patient had very frequent 
(> 3 per min) ventricular ectopic complexes. During 
DDD pacing two patients experienced short runs of 
pacemaker mediated tachycardia. The maximum 
tracking rate of the pacemaker, which ranged from 
92 to 150 beats/min (650—400 ms RR interval) 
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Fig4 Coefficients of variation for systolic blood pressure 
during DDD and VVI pacing during wakefulness (n = 15} 
and sleep (n = 12). The data are presented as the median 
(bar), interquartile range (box), and full range of values. 
*p < 001 Wilcoxon signed rank test. 


(median value 108 beats/min (550 ms RR interval)), 
was achieved at least once during the 24 hours in six 
of the 15 patients. 


BLOOD PRESSURE 
The table gives the mean (SD) systolic, diastolic, 
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Systolic blood pressure (mmHg) 
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Fig 5  Dustribution of the systolic blood pressure, measured 
to the nearest mm Hg, during DDD and VVI pacing during 
wakefulness (n = 15) and sleep (n = 12). The data are 


. presented as a frequency histogram that includes every 


recorded heart beat m every patient. 
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Fig 6 (a) Computer generated trend recording of systolic, arithmetic mean, and diastolic intra-arterial blood 
pressure during DDD and VVI pacing in the same patient lying supine at the same time of day. (b) Higher 
speed recording of the intra-arterial blood pressure during VVI pacing shown tn (a) together with the 
electrocardiogram in which the P waves are identified by arrows. 


and arithmetic mean blood pressures during DDD 
and VVI pacing. Systolic blood pressure tended to 
be lower during VVI pacing and-this difference was 
significant (p < 0-02, Student's paired r test) for the 
period when the patients were awake. 


BLOOD PRESSURE VARIABILITY 
The coefficients of variation for systolic blood pres- 
sure during wakefulness and sleep were consid- 
erably greater during VVI pacing than during DDD 
pacing (fig 4). In every patient the difference 
favoured DDD pacing. The coefficients of variation 
for mean and diastolic blood pressures were also 
significantly greater during VVI pacing than during 
DDD pacing (data not shown). 


Figure 5 shows the distribution of the systolic 
blood pressures (to the nearest mm Hg) during the 
two modes of pacing. 'The greater variability in sys- 
tolic blood pressure during VVI pacing is evident. 
'The data are presented as a frequency histogram of 
the systolic blood pressure for every heart beat in 
every patient. These curves clearly demonstrate that 
the mean systolic blood pressure was slightly lower 
during VVI pacing than during DDD pacing and 
that the range of systolic blood pressure was much 
greater during VVI pacing than during DDD 
pacing. Accordingly there were more episodes of 
systolic hypotension during VVI pacing. While very 
few heart beats produced a systolic blood pressure of 
«100 mm Hg during DDD pacing, approximately 
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80000 heart beats produced a systolic blood pres- 
sure of <100 mm Hg during VVI pacing. 

Figure 6 shows short recordings of the blood pres- 
sure during VVI and DDD pacing in the same 
patient under the same conditions. The greater 
blood pressure variability during VVI pacing is 
obvious and in this case can be clearly related to the 
presence of atrioventricular dissociation. 


Discussion 


This study has confirmed that most patients experi- 
ence fewer symptoms during long term atrio- 
ventricular pacing than during long term ventricular 
demand pacing. ^ 5 This may be the result of several 
factors such as the absence of cannon waves, better 
haemodynamic function, and better control of blood 
pressure. The patients who took part in this study 
are representative of patients treated by permanent 
pacing at this centre. It therefore appears that DDD 
pacing may offer additional benefit to a wide group 
of patients. 

Our findings demonstrate, beyond doubt, that 
long term DDD pacing gives better control of blood 
pressure with fewer episodes of hypotension than 
long term VVI pacing. Indeed, DDD pacing in our 
patients produced average values for intra-arterial 
ambulatory blood pressure and blood pressure vari- 
ability that are very similar to those reported in a 
group of healthy elderly normotensive subjects.!! In 
contrast, VVI pacing was associated with a 
significantly lower and significantly more variable 
blood pressure and, therefore, with more frequent 
episodes of hypotension. It seems likely that some of 
the symptoms reported during the period of VVI 
pacing were caused by these episodes of hypo- 
tension. Certainly, at times the blood pressure fell 
below the likely lower limit of cerebral auto- 
regulation.!? Unfortunately we do not know 
whether or not our patients’ symptoms coincided 
with episodes of hypotension. This is partly because 
we asked our patients to report symptoms that had 
occurred in the month before the 24 hour blood 
pressure recording and partly because in most cases 
the symptoms experienced during VVI pacing were 
ill-defined and could not be timed accurately. 

The pronounced increase in blood pressure vari- 
ability seen during VVI pacing, compared with that 
seen during DDD pacing or in elderly normotensive 
subjects,!! is almost certainly caused by atrio- 
ventricular dissociation. Figure 6b shows how 
changes in the relative timing of atrial and ventricu- 
lar systole can produce profound changes in blood 
pressure. The fact that VVI pacing was associated 
with greater blood pressure variability than DDD 


pacing, even when patients were asleep and paced 
virtually continuously (fig 3), provides strong evi- 
dence that this difference is a function of atrio- 
ventricular dissociation rather than rate 
responsiveness. There may, therefore, be a similar 
increase in blood pressure variability in patients 
treated with rate-responsive VVI pacemakers. 

This study provides further evidence that atrio- 
ventricular pacing is better than ventricular demand 
pacing and should be considered in all suitable 
patients. 
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Is ventricular arrhythmia in repaired tetralogy of 
Fallot an effect of operation or a consequence of the 
course of the disease? 


A prospective study 
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SUMMARY Ventricular arrhythmia is common after repair of tetralogy of Fallot. Such arrhythmia 
could be caused by damage at surgical repair or it could be part of the course of the disease. Fifty 
patients, 32 aged 1—7 years and 18 aged 13—43 years at surgical repair, underwent 24 hour electro- 
cardiographic monitoring before and 2-75 (mean 44) months after repair. Before operation none 
of the younger group had appreciable ventricular arrhythmia, whereas ventricular arrhythmia 
was already present in eight (45%) of 18 patients in the older group. At follow up ventricular 
arrhythmia was present in four patients from the younger group and seven from the older group. 
Three of these four younger patients had had insertion of a conduit from the right ventricle to the 
pulmonary artery or reoperation. Six of the seven older patients had had appreciable ventricular 
arrhythmia before operation. New ventricular arrhythmia developed in only two (5%) of the 43 
patients who had uncomplicated repair of tetralogy of Fallot. 

Thus the high frequency of ventricular arrhythmia after repair of tetralogy of Fallot cannot be 
attributed to the effect of operation alone because in the majority of patients it was already present 
before operation. Preoperative ventricular arrhythmia occurred almost exclusively in older 
patients; this suggests that early surgery may reduce the occurrence of this late complication. 


Ventricular arrhythmia is well recognised after 
repair of tetralogy of Fallot and has been suggested 
as a cause of late sudden death.! ? Factors which pre- 
dispose to the high incidence of ventricular arrhyth- 
mia in patients after operation remain controversial. 
Residual haemodynamic abnormalities after 
surgery, such as right ventricular systolic and 
diastolic hypertension, increased right ventricular 
dimension,* and diminished right ventricular ejec- 
tion fraction, have been regarded as important. In a 
previous study, however, the frequency of ventricu- 
lar arrhythmia was already high in older patients 
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before repair of tetralogy of Fallot.? This has impli- 
cations for strategies aimed at reducing the occur- 
rence of this late complication. 

We have therefore performed a prospective study 
to determine the relative important of preoperative, 
operative, and postoperative factors in the genesis of 
ventricular arrhythmia. This aimed to test the 
hypothesis that the presence of ventricular arrhyth- 
mia after surgical repair of tetralogy of Fallot 
depends as much on the natural cause of the disease 
and preoperative status as on the direct effect of the 
operation itself. 


Patients and methods 
PATIENTS 


We studied 55 consecutive patients undergoing 
surgery for classic tetralogy of Fallot. There were 
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two groups. Group A consisted of 35 children, aged 
1-2-7-7 (median 4:3) years at repair, admitted to the 
Hospital for Sick Children, London. Group B con- 
sisted of 20 older patients, aged 13-43 (median 28) 
years, who underwent repair of tetralogy of Fallot in 
Turin. 

Previous palliative surgery had been performed in 
20 patients from group A and in 17 patients from 
group B (Blalock-Taussig shunt 29, Potts shunt 3, 
Waterston shunt 1, Brock procedure 4). Repair 
involved right ventriculotomy in all patients except 
for one in group B whose repair was performed 
through the tricuspid and pulmonary valves. The 
right ventricular outflow tract procedure consisted 
of an infundibulectomy, usually together with an 
outflow tract or transannular patch, except for three 
patients in group A who required right ventricle to 
pulmonary artery conduits because of an aberrant 
coronary artery. Reoperation was necessary in four 
patients, all from group A, for closure of residual 
ventricular septal defect or pulmonary valve replace- 
ment or both. 

All patients underwent 24 hour electro- 
cardiographic monitoring before repair. There were 
three operative deaths in group A. Follow up elec- 
trocardiographic monitoring was performed in all 32 
remaining patients 8-75 (median 54) months after 
repair. There were no operative deaths in group B 
and follow up electrocardiographic monitoring was 
performed 2-42 (median 30) months after repair in 
all except two patients who were symptom free and 
declined investigation. There were no late cardiac 
deaths; the only death occurred in a previously 
symptom free group B patient after postpartum hae- 
morrhage. 


ELECTROCARDIOGRAPHIC MONITORING 
Electrocardiographic monitoring was performed 
with Oxford Medilog or Avionics cassette recorders 
with bipolar CM1 and CM5 leads. The tapes were 
analysed with an Oxford Medilog or Avionics high 
speed analyser. A modification of Lown criteria,’ 
based on frequency and complexity of ventricular 
arrhythmia, was used for all the recordings: grade 0 
= no ventricular extrasystoles; grade I = ventricu- 
lar extrasystoles with peak hourly rate < 30; grade II 
= 230 uniform ventricular extrasystoles in any 
hour; grade III = couplets (two consecutive ven- 
tricular extrasystoles), or multiform ventricular 
extrasystoles with peak hourly rate >30; grade 
IV = ventricular tachycardia (three or more con- 
secutive extrasystoles with mean rate >110 
beats/min). 

Standard 12 lead electrocardiograms were used to 
assess the mean frontal plane QRS axis and intra- 
ventricular conduction abnormality. 
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STATISTICAL ANALYSIS 

The incidence of ventricular arrhythmia (grade IH or 
greater) between groups A and B and within groups, 
before and after surgery, was compared by Fisher's 
exact test. Differences were regarded as significant if 
the probability of a chance occurrence was « 0-05 


Results 


PREOPERATIVE ELECTROCARDIOGRAPHIC 
MONITORING 

Before surgical repair none of the younger patients 
(group A) had appreciable ventricular arrhythmia 
(grade II or greater). All except three had unin- 
terrupted sinus rhythm, and the remainder had a 
total of « 10 uniform ventricular extrasystoles dur- 
ing the 24 hour period. In contrast, eight (45",,) of 
the 18 older patients (group B) already had ventricu- 
lar arrhythmia of grade II or greater during pre- 
operative ambulatory monitoring; this was a 
significantly higher incidence than in the younger 
patients of group A (p = 0:0009). These included 
five (28^,,) patients with frequent complex ventricu- 
lar arrhythmia (grade III) (fig 1). 


FOLLOW UP ELECTROCARDIOGRAPHIC 
MONITORING 

At follow up after repair four (13",) of the 32 
patients in group A had ventricular arrhythmia of 
grade II or greater (fig 2). The occurrence of new 
ventricular arrhythmia in the subgroup of seven 
patients with conduit insertion or repeat surgery was 
significantly higher than in the patients who had 
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Figl Preoperative ventricular arrhythmia on 
electrocardiographic monitoring in the two groups of patients 
In group A (younger patients at repair) the frequency and 
grade of ventricular arrhythmia were low. In contrast 45° 

of group B (older patients at repair ) had frequent or complex 
ventricular arrhythmia. VA, ventricular arrhythmia, VE, 
ventricular extrasystole. 
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Fig2 Ventricular arrhythmia on follow up 


electrocardiographic monitoring. The frequency of 
ventricular arrhythmia in group A patients remained low 
while the high incidence of ventricular arrhythmia in group B 
patients noted before operations persisted. See legend to fig 1 
for abbreviations. 


uncomplicated repair (3/7 vs 1/25, p — 0:02) (table). 

At follow up evaluation seven (39",) of the 18 
older patients (group B) had ventricular arrhythmia 
of grade II or greater (fig 2). Ventricular arrhythmia 
of a similar grade had been present in six of these 
during preoperative monitoring. Thus only one 
patient developed ventricular arrhythmia of grade II 
or greater that had not been detected before surgery 
(fig3). Because most ventricular arrhythmia was 
present before operation, there was no relation 
between postoperative ventricular arrhythmia and 
the type of surgery in this older group, unlike group 
A. No patient had ventricular tachycardia. 

Right bundle branch block was present in 45 
(90°,,) of the 50 patients after surgery, with addi- 
tional left axis deviation (frontal plane QRS axis 
> —30°) in five (10?,). There was no relation 
between ventricular arrhythmia detected by electro- 
cardiographic monitoring and these conduction 
defects on the 12 lead electrocardiogram. 


Table Relation of surgical procedures and postoperative 
ventricular arrhythmia in group A (younger patients at 
repair). 








No Ventricular arrhythmia 
Simple repair 25 1 (4",) 
RV PA conduit 3 1 43°.) f P= 0-02 
Reoperation: 4 2 ww 
(VSD, VSD + PVR, PVR) 
Total 32 4 





PA, pulmonary artery; PVR, pulmonary valve replacement; RV, 
right ventricle; VSD, ventricular septal defect. 
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Fig3 Comparison of grade of ventricular arrhythmia 
(VA) in group B before and after operation. Only one 
patient had appreciable ventricular arrhythmia after repair 
that had not been noted on preoperative monitoring. See figs 
1 and 2 for ventricular arrhythmia grading. 


The overall occurrence of postoperative ventricu- 
lar arrhythmia for groups A and B together was 22°, 
(11/50). Of these, only two patients had new ventric- 
ular arrhythmia after uncomplicated surgical repair. 
The remainder had either insertion of a conduit 
from the right ventricle to the pulmonary artery (one 
patient), reoperation (two patients), or had similar 
ventricular arrhythmia already present before 
operation. 


Discussion 


Despite the fact that ventricular arrhythmia is 
widely recognised after repair of tetralogy of Fallot, 
neither the important precipitating factors nor 
specific indications for arrhythmia suppression have 
been adequately defined. 

Some groups have reported an association 
between the presence of ventricular arrhythmia and 
inadequate repair of tetralogy of Fallot. Garson er al 
noted that abcut 25", of patients with right ventric- 
ular systolic pressure >60mmHg demonstrated 
postoperative ventricular arrhythmia, compared 
with 8°,, of those with a right ventricular systolic 
pressure <40mmHg.* Webb Kavey eral failed to 
demonstrate a similar haemodynamic correlation 
despite finding ventricular arrhythmia in 42°, of 72 
patients." In the group of patients with ventricular 
arrhythmia, however, they found a more subtle hae- 
modynamic impairment on radionuclide and cross 
sectional echocardiographic examination.” 

These retrospective studies, however, included 
many older patients operated on in the early years of 
cardiopulmonary bypass, and they did not measure 
the occurrence of ventricular arrhythmia before sur- 
gical repair. In the only previous study to do so, half 
the 24 patients aged 278 years had ventricular 
arrhythmia before repair—similar to those found in 
postoperative recordings.” This suggested that the 
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natural course of the disease and the preoperative 
state of the right ventricle might be at least as 
important as the direct effect of operation on the 
genesis of postoperative ventricular arrhythmia. Our 
prospective study supports this hypothesis; most of 
our patients with ventricular arrhythmia after repair 
of tetralogy of Fallot had this abnormality before 
operation. Only two (5°) of the 43 patients with 
uncomplicated repair developed new ventricular 
arrhythmia after operation. 

Why does ventricular arrhythmia occur in 
patients with tetralogy of Fallot, even before repair? 
The likelihood of its developing appears to increase 
with age. This is supported by both the relation 
between older age at repair and symptoms of 
arrhythmia!? and by the results of electro- 
cardiographic monitoring. The anatomical sub- 
strate for this may be the degree of right ventricular 
myocardial fibrosis. In older patients undergoing 
repair for tetralogy of Fallot pathological studies 
have demonstrated extensive right ventricular 
fibrosis which is not present in younger chil- 
dren.!!!? Similar right ventricular fibrosis was 
noted at necropsy in patients who died suddenly late 
after repair of tetralogy of Fallot.! Electro- 
physiological studies with endocardial mapping 
have demonstrated fractionated depolarisation at 
multiple sites in the right ventricle in patients after 
repair of tetralogy of Fallot that correlated with ven- 
tricular arrhythmia on electrocardiographic moni- 
toring. This suggests a widespread abnormality of 
right ventricular electrical activity rather than a cen- 
tral conduction defect specifically related to a direct 
effect of surgical repair.'* 

Surgical repair clearly may have an effect in pre- 
disposing to ventricular arrhythmia. Sustained ven- 
tricular tachycardia has been mapped to the site of 
incision in the right ventricular outflow tract!> and 
fractionated depolarisation has been recorded from 
the ventricular septum!°—presumably this is 
related to repair of the ventricular septal defect. In 
our study there were five patients who did not have 
ventricular arrhythmia before operation but who 
had appreciable ventricular arrhythmia at follow up. 
It is notable, however, that most of them had exten- 
sive or repeated surgery likely to produce more right 
ventricular scarring than straightforward repair of 
tetralogy of Fallot. 

The two groups in this study were managed at 
different institutions. Because we were investigating 
intrapatient differences, however, this does not com- 
promise our conclusions. Furthermore, our results 
indicate that the operation itself had little direct 
effect. 

As this is a prospective study, follow up is neces- 
sarily shorter than in previous retrospective studies. 
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It could be argued that with time ventricular 
arrhythmia will develop even in patients operated on 
at a younger age. Indeed, Garson et al consider that 
patients with early repair "have not lived long 
enough to develop premature ventricular com- 
plexes.” They believe that this explains the relation 
they found between the occurrence of postoperative 
ventricular extrasystoles and older age at repair." 
Nevertheless, from our previous analysis of 85 
patients we could find no significant relation 
between ventricular arrhythmia and duration of fol- 
low up? when this was analysed independently of 
age of surgical repair. This question will need to be 
examined in prospective studies, such as this one. 
with a longer follow up. 

We did not attempt to define the indications for 
antiarrhythmic treatment in patients with ventricu- 
lar arrhythmia after repair of tetralogy of Fallot, 
which remain controversial. There have been no late 
cardiac deaths among this study group to date and 
most patients are symptom free. In a separate six 
year prospective study the prognostic significance of 
asymptomatic ventricular arrhythmia has been 
low. 17 

This study highlights the importance of the natu- 
ral course of ventricular arrhythmia in tetralogy of 
Fallot. Preoperative abnormalities of the right ven- 
tricular myocardium at operation seem to be as 
important as any direct effect of operation in predis- 
posing to subsequent ventricular arrhythmia. Pre- 
operative ventricular arrhythmia occurred exclu- 
sively in the older patients. It is thus tempting to 
speculate that earlier surgical repair, which has 
become standard, may reduce the occurrence of this 
late complication. 
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"Ls million patients today owe their lives to 
a pacemaker, but of those, many are still severely 
handicapped. Short of breath, easily tired, they 
just can't manage normal activities. 

All that changed a few years ago with 
the introduction of rate-responsive pacemakers 
which can adapt their rate instantly to suit the 
patient's hemodynamic needs. 

Thanks to rate-responsive pace- 
makers, patients today can walk again, run, play 
with their grandchildren, and climb stairs easily... 
in short, they can resume their normal lifestyle 
and activities. 

After the development of dual chamber 
pacemakers which synchronize atrial and ven- 
tricular pacing, the decisive step was to incor- 
porate rate-responsiveness in a single-chamber 
pacemaker, named Activitrax. 

A single-chamber 
rate-responsive pacemaker Activitrax. 

In June 1985 Medtronic introduced 
Activitrax, which varies its pacing rate in time 
with the patient's physical activity. 

A quartz crystal built into the pace- 
maker senses the patient's activity without an 
additional lead. 

Hospitals immediately started implant- 
ing Activitrax, which brought rate-responsi- 
veness to single-chamber pacing. And patients 
were, if anything, even more enthusiastic, espec- 
ially those who had already used other pace- 
makers, and could thus compare them with 
Activitrax. 

By the end of 1986 more than 25,000 
Activitrax pacemakers were implanted, and 
Activitrax was setting a new standard in pacing. 
And helping to accomplish Medtronic's mission: 
improving patients quality of life. 
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This combination of effects explains why Dobutrex can aid 
perfusion to the vital organs,?3^ including the myocardium.5 A 
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Detection of aortic dissection by transoesophageal 
echocardiography 
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SUMMARY 'The diagnostic value of a combination of transoesophageal and transthoracic echo- 
cardiography was evaluated in 21 patients with dissection of the aorta. The results were compared 
with those of computed tomography, aortography, and.with findings at operation or necropsy or 
both. Transthoracic echocardiography identified three of the four patients with type I dissection, 
two of the five patients with type II dissection, and one of the 12 patients with type III dissection. 
When: transoesophageal echocardiography was used as well the degree of aortic dissection was 
identified correctly in all 21 patients. In one patient with type I and in eight patients with type III 
dissection spontaneous echocardiographic contrast with a mural thrombus within the false lumen 
could be detected. Computed tomography was unable to demonstrate an intimal flap in one of two 
patients studied with type I dissection, in two of three patients with type II dissection, and in one 
of nine patients with type III dissection. Aortography was negative in one of two patients studied 
with type I dissection, two of four patients with type II dissection, and in one of eight patients 
with type III dissection. 

The whole thoracic aorta can be imaged by a combination of transthoracic and trans- 
oesophageal echocardiography. The addition. of transoesophageal echocardiography to trans- 
thoracic echocardiography improves the recognition of aortic dissection. Furthermore, this exam- 
ination can be performed at the bedside and the findings can be used as a basis for treatment. 


Echocardiography is a useful method for detecting We have evaluated the accuracy of trans- 
aortic dissection. ! ^* The aortic arch can be imaged oesophageal cross sectional echocardiography for 
from the suprasternal approach. The descending the diagnosis of aortic dissection and we have com- 
part of the thoracic aorta can be imaged behind the pared its effectiveness with transthoracic echo- 
heart in the left parasternal view.” ë Thus almost the — cardiography, computed tomography, and aor- 
whole thoracic aorta can be visualised, however,  tography. 

there are difficulties in umaging the dissections in the 

distal part of the aorta. The whole aorta can be 

imaged in only about 70% of obese patients and FPanents and methóds 
those with pulmonary emphysema.* Cross sectional 
transoesophageal echocardiography, introduced by 
Hanrath etal,? has opened up a new approach to 
both the heart!? ^ !? and the aorta!? making it possi- 
ble to produce cross sectional images of the 
descending aorta in multiple scanning planes.!? 


'The ascending aorta was imaged by transthoracic 
echocardiography in the long and short axes in 
different planes from the precordial, apical, supra- 
sternal, and subcostal approaches.?^? Over a 36 
month period 13 700 transthoracic echocardiograms 
were obtained. Of these patients, 800 were also 
examined by transoesophageal echocardiography 
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eral Republic of Germany and aortic values was suspected. Aortic dissection 
was detected by transoesophageal echocardiography 
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dissection was also shown by alternative techniques, 
form the basis of the study. In 25 (3 of the 800 
patients transoesophageal echocardiography was not 
possible because the patient could not tolerate the 
gastroscopic procedure. Side effects were seen in 
two patients. One suffered from a severe attack of 
asthma and one showed a transient grade III atrio- 
ventricular block during introduction of the echo- 
scope. When necessary patients were given intra- 
venous atropine (0:5 mg) before the procedure. All 
patients gave their informed consent and fasted for 
at least four hours before the procedure. Each 
patient’s history was studied carefully to exclude a 
diverticulum of the oesophagus. All echo- 
cardiographic examinations were performed with a 
V-3400 R or CV 60 (Diasonics, Palo Alto) phased 
array sector scanner. A 2:25 MHz transducer was 
used for the transthoracic studies. Transoesophageal 
echocardiography was performed with a 3:5 MHz 
transducer array of 48 elements fitted to the distal 
end of a conventional 12mm endoscope.’ Echo- 
cardiographic readings were stored on a video tape 
recorder. 

The echoscope was introduced into the 
oesophagus up to 40 cm distal to the patient's teeth 
When the transducer was directed anteriorly the 
aortic valve and aortic root could be imaged as pre- 
viously described.” More distal parts of the 
ascending aorta and aortic arch could not be imaged 
from this point except in patients with aortic ectasia 


Vi , 
2B 
H 
i 


d 





Fig! Transoesophageal echocardiographic images of the 
thoracic aorta in a normal subject 


Fig 3 


Because of the interposition trachea 





Fig2 


for transoesophageal echocardiogram imaging of the 


Computed tomographic image showing the sector scan 


scending aorta. VCS, superior vena cava; Tr, trachea; Ao 
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es, descending aorta; Ao asc, asée nding aorta 


By rotating the transducer posteriorly, the 
descending part of the thoracic aorta was visualised 
fig1). Tae sector scans from the echoscope are 
shown on a computed tomogram at the descending 
aorta (fig2). By moving the echoscope within the 
oesophagus multiple cross sectional images could be 
obtained (fig2). At a depth of 20-22cm the 
descending aortic arch could be visualised (fig 3). 
Normal values for the aortic diameter were deter- 
mined in 12 controls. Mean (SD) values are given. 
Aortography (Cardioscop U, Siemens) and com- 
puted tomographic studies (scan ume 4s; Somatom, 
Siemens) were also performed so that the accuracy 
of transoesophageal echocardiography could be 
compared with standard methods. 
Echocardiographically and angiographically an 
aneurysm was defined as a localised dilatation of a 
portion of the thoracic aorta. Diagnosis of a dis- 





P É A 


Computed tomogram showing the sector scan for 


transoesophageal echocardiogram imaging of the aortic arch 





Tr) the ascending aorta 


cannot be imaged from this point. Ao, aorta; VCS, superior 


vena cava 


Detection of aortic dissection by transoesophageal echocardiography 


section was based on the recognition of an intimal 
tear, identified as a linear structure that changed 
position during the cardiac cycle. A dissection was 
detected in 21 patients. The extent of the dissection 
was defined according to the DeBakey classifica- 
tion’*: type I dissection begins in the ascending 
aorta and extends beyond the arch, type II dis- 
section is confined to the ascending aorta, and type 
III dissection originates in the descending thoracic 
aorta and continues distally. 


STATISTICAL ANALYSIS 

Mean (SD) values are given. Linear regression anal- 
ysis was performed and correlation coefficients (r) 
and regression equations are given for comparison of 
aortic diameters measured by computed tomog- 
raphy and transoesophageal echocardiography. 


Results 
Four patients had type 1 aortic dissection, five had 


type II, and twelve had type III. Sixteen patients 
had hypertension and two had Marfan syndrome; 
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in three patients the aetiology of dissection was 
unknown. There was aortic regurgitation in all 
patients with type I dissection and in four of five 
patients with type II dissection. Table 1 shows the 
results of transthoracic and transoesophageal 
echocardiography, computed tomography, and 
angiography, and the findings at operation and nec- 
ropsy. Transoesophageal echocardiography 
detected dissection in all patients in whom it was 
shown by alternative techniques. Table 2 gives the 
diameters of the different parts of the aorta mea- 
sured by transoesophageal echocardiography and 
computed tomography. Figure 4 shows a typical 
example of aortic dissection type I in which there 
was an intimal flap within the ascending aorta, the 
aortic arch, and the descending aorta. In one young 
woman (patient 3) an entry tear 2cm distal to the 
aortic valve was demonstrated by transoesophageal 
echocardiography and emergency operation was 
performed without further diagnostic procedures. 
In other woman (patient 4) operation was done after 
additional coronary angiography which demon- 
strated a stenosis in the distal part of the left anterior 





Table 1 Clinical data and diagnostic results of 21 patients with aortic dissection 
BEN a 
Type of 
Case Agejsex dissection AI TOE TTE CT Angiography Surgery Necropsy 
1 28M I * + - - - + 0 
2 69F I * + + + 9 + 0 
3 36F 1 + + + 0 0 + 0 
4 68 F I + + + 0 * * 0 
(thrombus, SEC) 
5 30 F H + + -— 0 * o 
6 77 F I + + + - 0 0 Q 
7 "AF H + + + 0 - 0 E 
(thrombus) 
8 36F Il + + - -— * 0 0 
9 55F H — + -— * (MRT) + + 0 
10 52M IH + — + + 9 u 
(thrombus, SEC) (thrombus) 
Hi 72M IH - * + + 0 0 + 
12 64 F HI -— + = 0 + 9 * 
(thrombus, SEC) (thrombus) 
13 69M HI — + = + + 0 9 
(thrombus, SEC) 
14 76M HI - + a + 0 0 Q 
(thrombus, SEC) (thrombus) 
15 71M HI s + _ + 0 0 0 
(SEC) (thrombus) 
16 66 F IH ~- + — 0 + + 0 
(thrombus, SEC) (thrombus) 
17 64 F IH * + — = + 0 a 
(thrombus, SEC) (thrombus) 
18 79 F HI - * ~ 0 * 0 9 
(thrombus, SEC) 
19 63M HI - + iii + + + o 
(thrombus) 
20 45M HI = + + = 0 0 
(thrombus) (thrombus) 
2l 72M Hi ~ + = + o ü 
(thrombus) (thrombus) 
MANN MEME M M E aD M E Lii iiL 
AL, aortic insufficiency; +, confirmed; — , no diagnosis by transthoracic and transoesophageal echocardiography (TTE, TOE), computed 


tomography (CT), aortic angiography (angio), surgery, or necropsy; 0, no data; SEC, spontaneous echocardiographic contrast, MRT, 


magnetic resonance tomography. 


48 Erbel, Börner, Steller, Brunier, Thelen, Pfeiffer, Mohr-Kahaly, Iversen, Oelert, Meyer 


Table2 Transoesophageal echocardiographic (TOE) and computed tomographic (CT) diameters (D) of the ascending 
aorta, aortic arch, and descending aorta 


———————————————————— 


Aortic diameter (mm) 








Type of Ascending aorta Aortic arch Descending aorta 
Case dissection TOE CT TOE CT TOE CT 
l I 63 47 26 30 25 30 
2 I 45 50 33 36 34 38 
3 I 37 E 25 — 27 = 
4 I 38 — 33 — 35 -— 
5 II 61 — 28 — 25 — 
6 Il 68 70 42 46 48 54 
7 II 55 — 33 — 28 — 
8 II 45 52 32 30 25 32 
9 H 50 — 30 — 22 — 
10 III 35 35 33 33 45 50 
11 II 45 50 45 50 35 40 
12 II 35 — 33 — 58 — 
13 III 36 33 33 35 38 45 
14 IH 35 32 35 33 60 75 
15 IH 35 -— 32 -= 35 — 
16 H1 40 — 70 — 32 — 
17 IH 64 61 40 40 54 58 
18 Ill 34 28 — 30 — 
19 Ill 44 46 50 48 57 61 
20 II 36 36 33 34 36 39 
21 HI 35 35 30 28 38 35 
Mean (SD) 45(11) 46 (12) 35 (10) 37 (7) 37 (12) 46(14) 
Der = 0-85D rer + 6:3 Der = 1-0 Drer + 0°57 Der = 11D yee + 0°45 
r= 0-88 r= 0-93 r= 0-96 
Normal values <35mm <30mm <25mm 





Fig4 Typical example of a type I dissection ( patient 2) showing the intimal flap ( |) in the ascending aorta, the aortic arch, 
and the descending aorta. LA, left atrium; LV, left ventricle. 
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Thrombus 





Fig5 


Section (a) and (b) cross sectional echocardiographic image of type II dissection with mural thrombu 


ormation within the false lumen. To assist comparison the echocardiographic image has been turned upside down, A 
d E } 


aorta; LA, left atrium. 


descending coronary artery. Transoesophageal 
echocardiography demonstrated the entry tear of the 
dissection in this case too. 

A type II dissection was found by trans- 
oesophageal echocardiography in five patients, and 
an intimal flap showing movement parallel to the 
aortic wall was clearly demonstrated within the 
ascending part of the aorta in all five. The aorta was 
dilated in all five cases. Aortography was positive in 
only two of four of these patients. Diagnosis was 
confirmed at operation in two patients and by nec- 
ropsy in another patient (fig 5). In this last patient 
the false lumen was filled with a thrombus, which 
explains the negative result at aortography. 

A type III dissection was seen in 12 patients by 
transoesophageal echocardiography (fig6). Com- 
puted tomography was positive in eight of nine of 
these patients. Aortography was performed in eight 
patients and was positive in seven. In eight of the 12 
patients 'spontaneous echocardiographic contrast 
was seen within the aorta. There were circulating 
flow patterns and thrombus formation in that part of 
the aorta in which the spontaneous echocardio- 
graphic contrast was most obvious (fig 6). The start- 
ing point of the aortic dissection could be demon- 
strated in all 12 patients. In two patients with type 
III dissection the intimal entry tear could also be 
visualised. 


Discussion 


In up to 18°, of patients aortic dissection may be 


missed at chest x ray or may cause non-specific sign 
that do not distinguish the abnormality fron 
aneurysmal dilatation or tortuosity and elongatior 

the aorta without dissection.!? Thus reliable non 
invasive techniques are needed for immediate and 
accurate diagnosis in seriously ill patients with ches 
pain. Computed tomography and echocardio 





Fig6 
aortic dissection and spontaneous echocardiographi 


Transoesophageal echocardiogram showing typ 


within the false lumen. Mural thrombus formation wa , 

in the part with the densest spontaneous echocardiographn 
|). LA, left atrium; LVOT, left ver 

tract; RV, right ventricle; Ao, aorta 
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graphy are regarded as the most successful 
approaches. The first report of the diagnosis of aor- 
tic dissection by computed tomography!’ was 
confirmed by others.!5!? Detection of an intimal 
flap is probably the most specific sign. After a bolus 
injection of contrast medium true and false lumens 
were visualised in about 50% of patients in whom 
the aortic diameter was increased.?? ^ ?* We had sim- 
ilar success with type I and II dissection. Type III 
dissection was successfully detected in 90% of 
patients. The strong movement of the intimal flap 
during the cardiac cycle may explain the negative 
results. The scanning time of 4s for computed 
tomography cannot give a sharp image of the mem- 
brane in all patients. 

M mode echocardiography can detect en- 
largement of the aortic root, widening of the anterior 
or posterior aortic wall, and the presence of intimal 
flaps. ^??57?* Some workers have used scanning 
from multiple anatomical sites to image the whole of 
the thoracic aorta by cross sectional echocardio- 
graphy? * ?? and to distinguish the type and extent of 
dissection.?? ~ ?? Detection of distal dissection of the 
thoracic aorta was difficult. ?? It was successful in 
only about 70%, of cases.* In our series diagnosis of 
type I and type II dissection was significantly more 
accurate than that of type III dissection. Trans- 
oesophageal echocardiography has eliminated some 
of these difficulties.?? ^? Chest wall configuration, 
small intercostal space, obesity, pulmonary 
emphysema, and mechanical respiration limit the 
diagnositic value of transthoracic echocardiography. 

Transoesophageal echocardiography is less 
pleasant than transthoracic echocardiography; side 
effects are rare (1%), however. One patient had an 
attack of asthma and another patient had a transient 
atrioventricular block. Thus atropine should be 
ready for rapid injection or should be injected before 
the procedure in patients with bradycardia. Routine 
use of atropine seems unnecessary because side 
effects were not reported in another study of 300 
patients. In our patients transoesophageal 
echocardiography was especially successful for 
imaging the descending thoracic aorta; it also visual- 
ised the aortic root and part of the aortic arch. Inter- 
position of the trachea prevented visualisation of the 
complete aortic arch. Transoesophageal echocardio- 
graphy detected dilatation of the aorta and the 
intimal flap as well as the entry tear of the intimal 
flap. Furthermore, it also showed movement of the 
intimal flap. In nine patients we detected spontane- 
ous echocardiographic contrast within the false 
lumen; this finding has been reported by others.*” 38 
This was probably because reduced blood flow had 
caused aggregation of platelets and erythrocytes.?? 

There was a good correlation between the 


diameters of all parts of the aorta measured by trans- 
oesophageal echocardiography and by computed 
tomography; though the diameters measured by 
transoesophageal echocardiography were smaller 
than those measured by computed tomography. The 
scanning time required for collection of computed 
tomographic images (4s) means that movement of 
the aorta is included and the aortic diameter is over- 
estimated. 

Further studies are needed to evaluate whether 
non-invasive techniques can replace aortography?? 
when, as in two of our patients, complete exam- 
ination of the thoracic aorta by transthoracic and 
transoesophageal echocardiography is possible. 
Angiography could perhaps be limited to the coro- 
nary arteries. When transoesophageal echocardio- 
graphy is not available the descending thoracic aorta 
can be studied by computed tomography. 

Though acute aortic dissection of types I and II 
require prompt operation,^? ^ ** there is little or no 
evidence that patients with chronic asymptomatic 
dissection need elective operation.!* There is con- 
troversy about whether acute type III dissection 
should be treated surgically or medically.!ó In 
chronic type III dissection the indications for sur- 
gical intervention are restricted and conser- 
vative.!9 *? ** Thus after diagnosis of type III dis- 
section by echocardiography no further diagnostic 
procedures are necessary in symptom free patients, 

In our experience transoesophageal echocardio- 
graphy complements transthoracic echocardio- 
graphy, particularly for imaging the distal thoracic 
aorta. Intimal flaps and dilatation of the aorta caused 
by a dissection could be demonstrated by this 
method. Transoesophageal echocardiography seems 
to be better than computed tomography for demon- 
strating an intimal flap. Early diagnosis and prompt 
treatment should improve the prognosis in patients 
with aortic dissection.!? 


This study was supported by the Robert Müller 
Stiftung. 
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Value of combined cross sectional and Doppler 
echocardiography in the detection of left ventricular 
pseudoaneurysm after mitral valve replacement 


MARKKU KUPARI,* KALERVO VERKKALA,t TERHO MAAMIES,ft 
GOTTFRIED HARTEL* 


From the * First Department of Medicine, and the 3 Department of Thoracic and Cardiovascular Surgery, 
Helsinki University Central Hospital, Helsinki, Finland 


SUMMARY The development of a left ventricular pseudoaneurysm is a rare complication of heart 
surgery. Until recently it has been impossible to detect without an angiographic study of the left 
ventricle. A combination of cross sectional and Doppler ultrasound studies led to the correct 
diagnosis in two patients with left ventricular pseudoaneurysms after mitral valve replacement. 
Cross sectional echocardiography showed a posterolateral echo-free space confined only by the 
pericardium and communicating with the left ventricle through a defect in the ventricular wall, 
and Doppler echocardiography confirmed the presence of blood flow in this cavity. This Doppler 
finding is critical if the perforation is too small to be identified reliably by cross sectional imaging. 
Surgical repair of the pseudoaneurysm can be undertaken without invasive studies if the echo- 
cardiographic findings are unequivocal and there is no reason to suspect the integrity of the 
circumflex coronary artery. 


An intraoperative or, more rarely, delayed rupture eral first reported on the usefulness of cross sec- 

of the posterior left ventricular wall complicates tional echocardiography in this setting.? We found 

0:5% of all mitral valve replacements.! About one that a combination of cross sectional and Doppler 

third of the patients will survive, either because the echocardiography was a convenient and reliable 

perforation can be repaired immediately or because method of detecting pseudoaneurysms. We believe 

firm adhesions limit intrapericardial bleeding.? A ^ that under certain circumstances surgical correction 

pseudoaneurysm is formed when adhesions are ofthe defect may be undertaken without an anteced- 

present or when the defect reopens after initially ent angiographic study. 

successful closure. Because perforation is uncom- 

mon and the chances of survival are low, cases of left Patients and methods 

ventricular pseudoaneurysm after mitral valve 

surgery are rare: a recent study identified only 10 PATIENTS 

reported cases.* This small survey showed that the Case | 

prognosis is poor in cases of pseudoaneurysm and We studied two women (aged 66 and 21) with left 

that surgical repair should be seriously consideredas — ventricular pseudoaneurysm after mitral valve 

soon as possible after diagnosis.! * Early detection replacement. The older patient (case 1) was operated 

of this complication is important. on in March 1986 because of combined mitral valve 

Until the last reported case? all the diagnoses had disease, tricuspid regurgitation, and triple vessel 

been made by angiography or at necropsy. Carlson coronary artery disease. In addition to mitral valve 
replacement with a mechanical prosthesis 
(Duromedics 27M) she had tricuspid valve annul- 

Requests for reprints to Dr Markku Kupari, Cardiovascular oplasty and coronary artery bypass surgery. The 

Laboratory, Helsinki University Central Hospital, 00290 Helsinki, operation was complicated by a perforation in the 

Fn posterior left ventricular wall adjacent to the atrio- 

Accepted for publication 25 February 1987 ventricular groove. This defect was identified intra- 
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operatively and was closed successfully from outside 
the heart. The patient was discharged on the 36th 
postoperative day but was readmitted one week later 
with chest pain, hypotension, and heart failure. She 
had a murmur suggesting paraprosthetic regur- 
gitation, and a chest radiograph showed a greatly 
enlarged heart. Combined cross sectional and 
Doppler echocardiography suggested the presence 
of a left ventricular pseudoaneurysm and (para- 
valvar) mitral regurgitation; reoperation was under- 
taken without any invasive studies. The patient died 
from pulmonary complications a month after oper- 
ation. 


Case 2 

In July 1983 the younger patient (case 2) had acute 
Staphylococcus aureus endocarditis of the mitral 
valve, which was replaced with a bioprosthesis 
(lonescu-Shiley 27M). Operation and the recovery 
were uneventful although she was allergic to several 
antibiotics. In February 1984 she had a new episode 
of staphylococcal septicaemia and an echo- 
cardiographic study showed a unusual outward 
bulge of the posterobasal pericardium during sys- 
tole. This was difficult to interpret; perforation of 
the left ventricular posterior wall was one possi- 
bility. A cineangiogram of the left ventricle appeared 
to be normal but was of poor quality. The patient 
did well and all antibiotic treatment was stopped in 
March 1985. In May 1986, she was studied as part of 
a follow up of the results of surgical treatment of 
infective endocarditis. At clinical examination we 
found systolic and diastolic murmurs and a systolic 
parasternal lift. 

Echocardiography showed degeneration of the 
bioprosthesis and an unequivocal left ventricular 
pseudoaneurysm. Retrospective examination of the 
left ventricular cineangiogram obtained two years 
earlier showed faint opacification of the pseudo- 
aneurysm. Reoperation was performed in July 1986, 
after coronary angiography showed the integrity of 
the circumflex coronary artery. At operation a sub- 
annular pseudoaneurysm (30mm x 40mm), thick- 
ening of the prosthetic valve cusps, and a separate 
paraprosthetic ventriculoatrial communication were 
found, The orifice of the pseudoaneurysm was 
closed by direct suturing from inside the heart and a 
new bioprosthesis (Mitroflow 27M) was inserted. 
The patient made a rapid and uneventful recovery. 
A Doppler echocardiographic study six weeks after 
operation suggested recurrence of the pseudo- 
aneurysm. The patient is under close surveillance. 


ECHOCARDIOGRAPHIC TECHNIQUE 
We used a Toshiba SSH-60A sector scanner and a 
3-7 MHz phased array transducer for cross sectional 


echocardiography. In addition to the standard para 
sternal and apical approaches, we also used modified 
apical views to image the posterolateral submitra 
area. We used a Toshiba SDS-60A Doppler unit 
incorporated into the SSH-60A sector scanner tor 
the pulsed and continuous wave Doppler exam 
inations. Use of a 2:5 MHz duplex transducer 
allowed the acquisition of simultaneous or succes 
sive images and pulsed Doppler studies as well as 
successive cross sectional imaging and continuous 
wave Doppler examinations. We analysed signals in 
real time by fast Fourier transform and we took hard 
copies of simultaneous frozen spectral displays and 
cross sectional images. 


Results 


CROSS SECTIONAL ECHOCARDIOGRAPH Y 
In both patients a posterolateral echo-free cavity was 
seen beside the left ventricle in the apical four cham- 
ber and parasternal short axis views of the heart. In 
case 1 the extracardiac cavity was very large and 
smoke-like echoes were seen whirling slowly near its 
periphery. However, no clear cut opening to the left 
ventricle could be identified on cross sectional imag- 
ing (fig1). In contrast, in case 2 (fig2) a much 
smaller cavity communicated with the left ventricle 
through a wide defect in the posterior ventricular 
wall. Pronounced systolic pulsation of the pseudo 


aneurysmal space was seen in case 2. 





Fig 1 
in case 1 showing a large 
adjacent to the lateral wall of the left ventricle 
leaflets of the prosthetic valve in open position between 
left atrium and left ventricle. LA, left atrium; LV’, left 
ventricle; PSA, pseudoaneurysm; RA, right atrium; RV 
right ventricle. 


Apical four chamber cross sectional echocardtogran 


70 by S0 mm  extracardiac cavi 





DIASTOLE 


Parasternal long axis view (a) and the apical four 
showing a 


Fig 2 
chamber echocardiograms in case 2 ( b 
posterolateral pseudoaneurysmal cavity just beneath the 
mitral annulus. AO, aorta; LA, left atrium; LV, left 
ventricle; MV, mitral valve prosthesis; PSA, 
pseudoaneurysm; RA, right atrium; RV, right ventricle 


DOPPLER ECHOCARDIOGRAPHY 

Pulsed wave Doppler echocardiography detected 
unequivocal flow signals inside the extracardiac 
echo-free space in both patients. In case 1 there was 
a narrow systolic jet of turbulent high velocity flow 
near the atrioventricular junction (fig 3a). This jet 
was discovered when we moved the Doppler gate 
along the left ventricular wall in the extracardiac 
space. No audible or recordable flow signals could 
be detected deeper in the cavity. We found much 
slower turbulent flow inside the pseudoaneurysmal 
cavity in case 2 (fig 4). 

In case 1 continuous Doppler 
cardiography uncovered a high velocity systolic jet 
suggesting paravalvar mitral regurgitation (fig 3b 
No signs of paravalvar regurgitation were identified 


wave echo- 
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Fig3 Pulsed Doppler echocardiography (a) in case 1 
showed a strong systolic Jet inside the pseudoaneurysm; arrow 
indicates sampling gate. (b) A continuous wave Doppler 
study showed a high velocity jet past the prosthesis 
towards the left atrium; paravalvar regurgitation was 
confirmed at operation. LA, left atrium; LV, left ventricle; 


PSA, pseudoaneurysm. 


3-7 m/s 


in case 2 but the pressure half time of the trans- 


prosthetic flow was slightly prolonged, suggesting 
degeneration and obstruction of the bioprosthesis. 


POST-REPAIR FOLLOW UP 
All findings described above were confirmed at 
operation and later at necropsy in case 1 and at re- 
operation in case 2. In addition, a paravalvar ven- 
triculoatrial communication, missed on Doppler 
echocardiography, was found in case 2. In case 1 
postoperative Doppler studies were not performed. 
Case 2 had a follow up examination six weeks after 
the repair of the pseudoaneurysm. The size of the 
closed extracardiac cavity by cross sectional echo- 
cardiography before operation 


was the same as 


Postoperative left ventricular pseudoaneurysm 





Pulsed Doppler echocardiography in case 2 combined 
with an apical cross sectional imaging showed turbulent 
systodiastolic flow inside the pseudoaneurysm. LV, left 
PSA, pseudoaneurysm. 


Fig 4 
ventricle; 


fig 5), but no communication with the left ventricle 

was visible. Nevertheless, Doppler echo- 
cardiography showed unequivocal systodiastolic 
flow inside the cavity, indicating recurrence of the 
pseudoaneurysm (fig5). The flow velocities were 
clearly higher than before repair. This indicates that 
the opening between the left ventricle and the pseu- 
doaneurysm was probably smaller than before 
repair. Cross sectional imaging also suggested a 
communication between the pseudoaneurysm and 
the left atrium (fig 5a). The flow signals recorded at 
the origin of the communication in the pseudo- 
aneurysm were strong; however, they were difficult 
to detect at its apparent outlet to the left atrium. The 
presence of a true communication therefore could 
not be confirmed. 


Discussion 


Left ventricular pseudoaneurysm after mitral valve 
replacement usually presents as poor postoperative 
progress, chest pain, heart failure, peripheral 
embolisation, and a pansystolic apical murmur. A 
parasternal systolic lift may also be detected on 
physical examination,” and chest radiography may 
show an abnormal bulge at the left lateral border of 
the heart shadow.^ Though this complex of symp- 
toms and signs can and should alert the clinician to 
the possibility of a pseudoaneurysm, a definitive 
diagnosis cannot be made without imaging the left 
ventricle and neighbouring areas. 

Left ventricular cineangiography is the diagnostic 
procedure of choice.**^ However, this method is 
not easy nor does it exclude a false negative diagno- 
sis or misinterpretation. Spellberg and O'Reilly 
described an error similar to ours (case 2) in the 


Fig5 A combined postoperative echocardiographi 
examination of case 2 by parasternal long axi 
pulsed (a) and continuous wave (b) Doppler showed ni 


magi 


visible communication from the pseudoaneurysm } 
ventricle but a suggestion of one to the left atrium thir 
arrows). A pulsed Doppler study (a) shou "n 





systodiastolic flow signals inside the cavity. The thich 
shows the location of the sampling gate. The 


Ont t uou 


component was of short duration. A i 


b) showed a high velocity systolic jet ( 3: 5m f simila 
timing towards the pseudoaneurysm. These findings sug 
small perforation in the ventricular muscle which 
surrounding myocardium contracts, AO, aorta; LA 


atrium; LV, left ventricle; PSA, pseudoaneurysm 


interpretation of left ventricular cineangiograph 
M mode echocardiography was attempted in se 
cases but was of little help. The findings were non 


specific, suggesting overload of the left ventri 


enlargement of the left atrium and left ventricle," ar 


“abnormal posterior area", 

Recently, Carlson et a/ described the first 
in whom a postoperative submitral pseudoaneur\ 
was detected by cross sectional echocardiograph 


or pericardial effusio: 


pati 


Our report supports their experience and also shows 


the usefulness of a complementary Doppler exam 
ination. Together these three cases show on cros 


sectional echocardiography that a postoperative left 
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ventricular pseudoaneurysm typically presents as a 
posterolateral echo-free extracardiac cavity. It is 
best seen in apical views and may escape detection if 
only a parasternal long axis study is performed. The 
pseudoaneurysm can measure only two or three cen- 
timeters in its longest dimension or can be bigger 
than the left ventricle. Its orifice, that is the defect in 
the ventricular wall adjacent to the mitral annulus, 
can be large and readily detectable or can be so small 
that it is missed in a cross sectional study. Com- 
plementary Doppler study is most important when 
the defect is small, because by exposing blood flow 
in the extracardiac space it demonstrates the com- 
munication of the defect with the circulation. A 
careful search of the interface between the echo-free 
cavity and the left ventricle will detect the flow sig- 
nals. If the orifice is small and restricted by myo- 
cardial contraction a strong flow signal may be 
identified in its vicinity in the absence of audible or 
recordable flow deeper in the pseudoaneurysm. 
Doppler echocardiography can also detect concomi- 
tant paravalvar regurgitation but, as our experience 
indicates, it may be unsuccessful (case 2). 

Echocardiography is particularly suitable for fol- 
low up of patients after closure of a pseudo- 
aneurysm. The size of the defect can be monitored 
and the addition of a Doppler examination will indi- 
cate whether the repair is intact. A postoperative 
pseudoaneurysm may be confused with a localised 
pericardial effusion or a haematoma. The echo- 
cardiographic appearance of a pericardial cyst or of 
the descending aorta are less likely to be 
misidentified. Apart from the descending aorta, 
none of these other features show blood flow 
detectable by Doppler inside their echo-free spaces. 
A true posterior left ventricular aneurysm can occur 
after mitral valve replacement if the circumflex coro- 
nary artery has been inadvertently ligated near its 
origin.” Cross sectional echocardiography shows 
that a true aneurysm, unlike a pseudoaneurysm, 
always has a neck that is wider than its cavity.!° Oth- 
ers have reported that Doppler echocardiography is 
useful in the diagnosis of true and false ventricular 
aneurysms after myocardial infarction.'! !? 

Does the combination of cross sectional and 
Doppler echocardiography eliminate the need for 
left ventricular and coronary cineangiography 
before surgical repair of the pseudoaneurysm? We 
believe it does, but only if the findings are clear cut 
and the integrity of the circumflex coronary artery in 
the atrioventricular groove has been established. 
The latter requirement is met, for instance, if the 
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proximal circumflex coronary artery has “been 
bypassed at the primary operation, as was the case in 
our first patient. Otherwise, Doppler echo- 
cardiography should not be used in place of angio- 
graphy but rather as a specific method for detecting 
postoperative pseudoaneurysms and for monitoring 
the success of repair operations. 
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Infective endocarditis in children with congenital 
heart disease: comparison of selected features in 
patients with surgical correction or palliation and 
those without 


T KARL, D WENSLEY, J STARK, M pe LEVAL, P REES, J FN TAYLOR 
From the Thoracic Unit, The Hospital for Sick Children, Great Ormond Street, London 


SUMMARY The diagnostic and prognostic features of 44 episodes of infective endocarditis in 42 
children with congenital heart disease were reviewed. Endocarditis occurred in 18 patients who 
had not had surgical correction or palliation of the defect (non-operated group). There were 26 
episodes in 24 patients who had been treated surgically (operated group) (16 open and eight 
closed cardiac operations). Endocarditis occurred soon after open heart surgery in eight patients 
and as a late complication in the other 16. It recurred in two patients (operated group). Invasive 
monitoring and low cardiac output were consistent features in those patients who had endo- 
carditis soon after open heart surgery whereas dental treatment was a common feature in non- 
operated cases and after closed cardiac operations. Late cases of endocarditis after open heart 
surgery had various microbiological features that were not typical of infection after dental prob- 
lems. Gram positive infections occurred in non-operated patients and in those who had had 
closed cardiac operations. The group that had open heart surgery had infections caused by Gram 
positive, Gram negative, and anaerobic bacteria and fungi. Fever, anaemia, leucocytosis, and 
positive blood cultures were the only consistent findings. Vegetations were seen in nine of 12 
patients at cross sectional echocardiography. All 12 (four non-operated, one closed, and seven 
open cases) needed acute surgical treatment. The mortality from infective endocarditis was 17% 
for non-operated cases, 0% for those who had had closed heart surgery, and 50% for those who 
had had open heart surgery. 

Infective endocarditis after open heart surgery differs from that in the other subgroups in terms 
of microbiology, source of infection, and outcome and its early diagnosis depends on a thorough 
investigation of minimal symptoms and signs. 


Infective endocarditis is an infrequent but serious between infective endocarditis occurring in the vari- 
disease in infants and children. The risk of infective ous subgroups studied. This information will be 
endocarditis is greatest in children with congenital useful in achieving earlier diagnosis and better treat- 
heart lesions, whether or not the defect has been ment of infective endocarditis in patients who have 
treated surgically. We retrospectively reviewed cases surgical correction or palliation of congenital heart 
of infective endocarditis treated in the Thoracic lesions. The clinical signs and symptoms of endo- 
Unit of The Hospital for Sick Children, Great carditis in these patients may differ from those 
Ormond Street, London, between 1965-1983 to normally associated with subacute bacterial 
determine the clinical and pathological differences endocarditis. 
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carditis ranged from three days to 16 years (mean 
(SD) 7-8 (4-7) years). Twenty four patients had had 
operations to correct or palliate their congenital 
defect and 18 had not. Two of the operated patients 
had two episodes of infective endocarditis. The epi- 
sodes were grouped according to the temporal 
relation between infective endocarditis and previous 
operation and the type of operation, if any. Early 
postoperative infective endocarditis was defined as 
that occurring within 30 days after operation and 
late infective endocarditis occurred any time after 
that. Patients with non-operated congenital heart 
disease were known to have a congenital heart lesion 
before the episode of infective endocarditis or were 
diagnosed as having one at the time of presentation. 
Operations were either complete corrections per- 
formed on cardiopulmonary bypass or palliative 
procedures performed without bypass. For the pur- 
poses of this study, patients who had balloon atrial 
septostomy were included in the group with non- 
operated congenital heart disease whereas all the 
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patients who had other palliative operations were 
included in the group that had operation without 
cardiopulmonary bypass. 

The data were analysed by a y?, Fisher's exact, or 
two-tailed Student's r test as appropriate, and the 
relative risks of death from infective endocarditis 
were calculated for various clinical and pathological 
features.! 


Results 


Tables 1-6 summarise the data and the various char- 
acteristics for each group. The underlying cardiac 
lesions in these patients produced a spectrum of 
cyanotic and non-cyanotic problems in all the sub- 
groups (table 1). 'T'he interval between operation and 
infective endocarditis was <30 days in eight 
patients in the cardiopulmonary bypass group (mean 
(SD) 6-5 (5-2) days). The remaining cases in the car- 
diopulmonary bypass and palliative groups occurred 
much later (mean (SD) 3-2 (3:5) years) and was con- 


Tablel Diagnons and previous operations in patients with infective endocarditis 





Patients Previous operation No 
Infection early after et dara bypass 
Atrioventri septal defi Atrioventricular septal defect repair 1 
Mulpie reana septal | defects + pulmonary 
ery banding Ventricular septal defect closure + debanding 1 
Myocardial infarction + fibroelastosis Mita! valve replacement I 
Ventricular septal defect + subaortic stenosis Ventricular septal defect closure 1 
Ventricular septal defect Ventricular septal defect dosure 1 
Truncus art Truncus arteriosus repair (heterograft and dacron conduit) 1 
Transition of the great arteries Mustard operation (iun mater) 1 
Tetralogy of Fallot Repair of tetralogy of Fallot 2 
Infection late after cardiopulmonary bypass: 
Pulmonary atresia + ventricular septal defect Repair with homograft conduit 1 
Pulmonary atresia + ventricular septal defect Repair with xenograft cordust 1 
Transposition of the arteries + ventricular septal 
defect + left arya deg outflow tract obstruction Repair (Mustard + ventricular septal defect closure) 2 
Yeniricnlar septal detect Rope rit artery con Ventricular septal defect closure + debanding 1 
epus ts defect + mitral regurgitation Repair 1 
pele septal defect + aortic insufficiency Aortic valvuloplasty + ventricular septal defect closure 1 
Laci lor to monary bypass 
Tetralogy of Fallot Blalock shunt 2 
Univentricular heart Pulmonary artery banding (2), Blalock shunt (1) 3 
Double outlet right ventricle + pulmonary stenosis + 
multiple ventricular septal defects Blalock shunt 1 
Pulmonary atresia + ventricular septal defect Blalock shunt 1 
Tricuspid atresia Blalock shunt 1 
Non-operated 
Ventricular septal defect 9 
Patent ductus arteriosus 3 
Ventricular septal defect + subaortic membrane 1 
Transposition of the great arteries + balloon 
atrial septostomy 1 
Aortic stenosis i 1 
Subaortic membrane 1 
Transposiuon of the great arteries + left ventricular outflow 
tract obstruction 1 
Transposition of the gore arteries + patent ductus 
arteriosus + balloon atrial septostomy 1 
Total 42 
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sistent with different aetiological factors in these 
groups. The mean age of operated and non-operated 
patients was similar (p < 0 2). The mean interval 
between operation and infective endocarditis was 
similar for the non-cardiopulmonary bypass and 
cardiopulmonary bypass groups (p > 0-1) despite 
the higher number of early cases in the cardio- 
pulmonary bypass group (table 2). Cases occurring 
within 30 days of cardiopulmonary bypass were 
associated with invasive monitoring and low cardiac 
output; both these features were unusual in non- 
cardiopulmonary bypass patients. 

The source of infection in endocarditis is difficult 
to prove in any individual case, even if the same 
organism is cultured from blood and other tissues. 
Table 3 gives the sources suspected 1n our cases. In 
all the early cases after cardiopulmonary bypass 
there was at least one'suspected source for the sep- 
ticaemia. Most of these were related directly to the 
surgical procedure and concomitant invasive mon- 
itoring. Four of these eight patients had a low car- 
diac output requiring inotropic support for more 
than 24 hours after operation, and three had acute 
renal failure (one requiring peritoneal dialysis). Two 
of the eight had residual ventricular septal defects 
after closure. These findings contrasted with those 


in the other groups of patients. In these groups no 
source for the septicaemia was identified in 40-60%. 
For the cardiopulmonary bypass cases only one 
patient had a suspected dental source for the sep- 
ticaemia. Dental problems were identified in a 
significantly (p « 0-001) higher proportion of the 
non-cardiopulmonary bypass (4/8) and non- 
operated cases (9/18). 

Blood cultures were positive in all but three epi- 
sodes in this study in patients in whom the diagnosis 
was confirmed at operation or necropsy. Although 
monomicrobial Gram positive infections were pre- 
dominant (31 out of 41 episodes) the frequency of 
Gram negative, fungal, and polymicrobial infections 
was significantly higher in the cardiopulmonary 
bypass cases (p « 0-001). The most frequently iso- 
lated organisms belonged to the streptococcus vir- 
idans group (including Streptococcus miris and 
Streptococcus sanguis) (17/41), and Staphylococcus 
aureus (14/41). Fungi were isolated in two cases, 
occurring coincidentally with viridans infection in 
the same patient (table 4). 

Table 5 summarises the symptoms, signs, and lab- 
oratory findings in the patients we reviewed. No 
individual symptom was present consistently in all 
groups—the norm was a constellation of non- 


Table2 Distribution of patients with wfective endocarditis and the interval between operation and infection 





No Episodes 


Early cases after CPB 
Late cases after CPB 
Non-CPB 
Non-operated 


Total 


8 90 05 00 œ 
È Sa 


CPB, cardiopulmonary bypass. 


Mean interval Mean age (yr) Mortality (%) 


Table 3 Suspected sources for septicaemia tn patients with infective endocarditis 


Suspected source 


Early cases after CPB Late cases after CPB 


Non-CPB 
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Central lines 

Intra-aoruc balloon 
Wound abscess 

Peritoneal dialysis catheter 
Tracheostomy wound 
Necrousing enterocolius 
Umbilical artery catheter 
Tonsillins 

Sinusius 

Femoral arteriovenous fistula 
Pneumonia 

Skin laceration 


Dental instrumentation (with antibioncs) 
Dental instrumentation (without antibiotics) 
No source idenufied 


PEEP TPE ETD Peer 


"Total 


-- 
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CPB, cardiopulmonary bypass 
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specific complaints. Physical examination on the 
other hand showed fever in nearly every case (39/44) 
at presentation. A new or changed murmur was 
found in six out of ten late cases after cardio- 
pulmonary bypass. This was a less frequent finding 
in early cases after cardiopulmonary bypass, in non- 
cardiopulmonary bypass cases, and in non-operated 
cases (3/8, 1/8, 7/18 respectively); and is not 
significant (p > 0-1). New or increasing congestive 
heart failure was most common (p < 0-01) in cases 
presenting soon after cardiopulmonary bypass. 
Signs traditionally associated with endocarditis were 
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too uncommon to be helpful in early diagnosis. 
Cross sectional echocardiography was useful in the 
12 patients undergoing this examination and showed 
vegetations in nine. 

Complications of the infection itself or of treat- 
ment or both were frequent in all groups (mean 
0 63—1-9 per episode) (table 6). For the entire group 
45 complications occurred in 31 cases (mean 1:18 
per episode). 

This study did not include a detailed analysis of 
antibiotic treatment. Patients on our unit received 
treatment after consultation with microbiologists, 


Table 4  Micro-organisms isolated from blood in patients with snfectrve endocarditis 





Barly cases after CPB 
(8) 


: 
i 


Bacillus fragilis + Proteus oulgaris 
Tinea capitatum 


SP PEs pea 


Late cases after CPB 
(10)* 


Non-CPB 
(8)* 


Total 
(44)* 


Non-operated 
(18)* 
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*'Total episodes. 


Table5 Clinical and pathological features of infective endocarditis 
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cardiologists, surgeons, and pharmacists; and in 
patients who had operation we assumed that appro- 
priate medical treatment had failed. Table 7 sum- 
marises the indications for surgical intervention in 
patients undergoing treatment for infective endo- 
carditis. Late cases after cardiopulmonary bypass 
were the most likely to require surgery during the 
initial stage of medical treatment (p < 0-01). Five 
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patients in the non-cardiopulmonary bypass group 
and four in the non-operated group had cardiac 
operations after successful medical treatment for 
infective endocarditis, not for complications of 
infective endocarditis per se but rather for the 
underlying congenital lesions. Overall, 12 of 44 epi- 
sodes of infective endocarditis had a fatal outcome 
(27% mortality). The 50% mortality for infective 


Table 6 Complications occurring during treatment of infectrve endocarditis 





Comphcation (8*) 


Early cases after CPB Late cases after CPB 
) 
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(10* 
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Renal failure 

Sepuc shock 

Gastrointesunal bleed 

Disseminated intravascular coagulation 
Aortic insufficiency 

Mitral insufficiency 

Cerebrovascular accident 


J | [omer eee 


artery aneurysm 


LII] 


Nephri 
ER tis (drug) 


Conduit obstruction 
Homograft valve destruction 
Death 

No complications 


*' Total episodes. 
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Table 7 Surgical indications during treatment of infective endocarditis (44 episodes, 42 patients) 





Indication Operation 





Early cases after CPB. 
Aortic aneurysm (canoulation site) 
Aortic valve perforation 
Aortic dissection, residual ventricular septal defect 
No surgery, patient survived 
No surgery, patient died 


Late cases after CPB 
Cerebral emboli 
Sepsis—conunued 
Pulmonary emboli 
Pulmonary artery aneurysm 
Conduit obstruction 
No surgery, patient survived 
No surgery, patient died 


Non-CPB 
Muluple pulmonary emboli 
No surgery, patient survived 


Various 


Non-operated 
Aoruc insufficiency + vegetaton 
Pulmonary emboli + tricuspid vegetauon 


Resection of vegetation 


Excision of vegetation 


Resection of pulmonary artery aneurysm 
Conduit replacement 


Patents 





Resection of aneurysm 
Aortic valve replacement 
Repair of dissection and ventricular septal defect 


Whom 


eT" 


Excimon of vegetations 1 


Aortic valve replacement 1 
Ventricular septal defect closure, tricuspid valve 1 


leaflet excision 


Aortic insufficiency + vegetation 


Aortic valve replacement + residual subaoruc 1 


membrane 


Aortic insuffiaency + vegetation 
No surgery, patient survived 


Aoruc valve plication + excision of vegetation 1 
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Table8 Relative risk of death in infective endocarditis 
Factor by which 
risk of death 

Chmeal feature was increased 

Low cardiac output, congestive heart failure 8:36 

Post. onary bypass 433 

Renal failure 42 

Non-staphylococcus/atreptococcus infection 314 

Systemic embolus 2:85 

Surgery required during treatment 2-70 

Conduit infection 1-26 

endocarditis after open heart surgery was 


significantly higher than mortality rates in the other 
groups (p < 0-01). This mortality reflects the sum- 
mation of the individual risk factors identified in 
table 8, which are placed in order of adverse effect. 
These have been analysed in a mathematical format 
designed to isolate one risk from another.! This 
analysis showed that an individual with infective 
endocarditis in whom cardiac failure with a low 
output develops was just over eight times more 
likely to die from infective endocarditis as a patient 
without this complication. 


Discussion 


The large numbers of children surviving palliative 
or corrective operations for congenital heart disease 
constitute a population with a new set of risk factors 
and a more virulent form of infective endocarditis. 
Thus effective prophylaxis and early diagnosis of 
infective endocarditis are especially important in 
this group. 

During the 18 year study period the recommen- 
ded prophylaxis for dental procedures that were 
likely to produce a bacteraemia was a single large 
intramuscular dose of penicillin given approxi- 
mately an hour before the proposed procedure. (Our 
current policy for oral administration of amoxycillin 
accords with current adult practice.) This same regi- 
men was used as prophylaxis for cardiac cath- 
eterisation until 1975, but since then the procedure 
has been carried out without antibiotic prophylaxis. 
Only one case of infective endocarditis was attrib- 
uted to cardiac catheterisation. During the entire 
study period there were 500—550 procedures per 
annum. 

Prophylactic measures were used before operation 
(both on and off bypass) thoughout the study period. 
They were started one hour before the induction of 
anaesthesia and were maintained for 7-10 days. The 
antibiotic regimen used varied considerably 
throughout the period, and both single and combi- 
nation policies were used. The choice has been dic- 
tated by local microbiological factors, but has always 
been aimed at providing not only cover against 
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Gram positive and Gram negative bacteria, but also 
considerable protection against staphylococci. Peni- 
cillin and gentamicin plus one of the cephalosporins 
were used to provide basic cover. 

It is difficult to estimate the incidence of infective 
endocarditis in congenital heart disease because of 
the wide spectrum of lesions seen. All types of con- 
genital heart lesions are associated with infective 
endocarditis, with the probable exception of 
secundum atrial septal defect.” In simple ventricular 
septal defect the risk of infective endocarditis is 
1-2-4 per 1000 patient years; associated aortic 
insufficiency increases the risk.?^ 5 After closure of 
the ventricular septal defect the risk drops but is not 
completely eliminated.*$ The risks of infective 
endocarditis after aortic valvotomy for aortic steno- 
sis and after cardiac catheterisation have been esti- 
mated to be 3:8 and 0-02% respectively." In 
patients with a left ventricle to right atrial shunt 
(Gerbode type ventricular septal defect) the risk is 
about 20%." For untreated pulmonary and aortic 
stenosis the risk of infective endocarditis is 0-2 per 
1000 and 1-8 per 1000 patient-years respectively.* 
Although the risk of infective endocarditis is some- 
times reduced after intracardiac repair it is likely to 
be present for life. The risk depends on the lesion. 
Although our data do not allow calculation of the 
incidence of infective endocarditis, the number of 
postoperative cases in the study suggests that it 
would be a real and continuing problem for pae- 
diatric surgical centres. Furthermore, the risk of a 
second or third episode of infective endocarditis 
increases geometrically after the initial infection.? 

The relative rarity of infective endocarditis in 
patients under two years of age (except for neonates) 
has been attributed to absence of dental problems in 
this group. Four of our 18 non-operated patients 
and two in the early cardiopulmonary bypass group 
were less than two years old when the infection 
developed; this suggests that infective endocarditis 
is not a disease limited to older children. Further- 
more, dental factors were rarely identified as 
aetiological factors in septicaemia leading to infec- 
tive endocarditis in the post-cardiopulmonary 
bypass group. Although it has been suggested that 
infective endocarditis of the right heart is less likely 
to impair haemodynamic function than the left heart 
infections, this may apply more to rheumatic valvar 
disease than to congenital lesions.!? Infective endo- 
carditis is especially virulent in the presence of a 
right ventricie to pulmonary artery conduit. 

The significantly higher mortality rate for infec- 
tive endocarditis occurring after cardiopulmonary 
bypass is likely to be related to the higher frequency 
that are not Gram positive and to the presence of 
intracardiac prosthetic material as well as to extra- 
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cardiac conduits. The risk is enhanced by a low car- 
diac output. The main reported causes of death in 
infective endocarditis during the perioperative 
period have been uncontrollable congestive heart 
failure caused by valve perforation and uncon- 
trollable sepsis, which was common before anti- 
biotics became available.!! !? 

Death in patients with infective endocarditis may 
be the result of underlying cardiac problems, of 
infection, or of side effects of treatment. It may be 
difficult to judge the relative importance of each. In 
our series uncontrolled sepsis caused the death of 
two out of three non-operated patients and aortic 
insufficiency led to the death of the remaining 
patient. The deaths associated with sepsis were 
caused by Escherichia coli and a streptococcus. The 
early deaths after cardiopulmonary bypass were 
associated with uncontrolled staphylococcal sepsis 
(two cases) and to a low cardiac output (two cases). 
Two of the five deaths among the late cases of car- 
diopulmonary bypass had sepsis (staphylococcal and 
fungal); two died after cerebral emboli and the fifth 
after conduit thrombosis. Three of the nine patients 
who died after cardiopulmonary bypass had right 
ventricular to pulmonary artery conduits (vs 4/42 for 
the series as a whole). The relative risk of death in 
those with right ventricle to pulmonary artery con- 
duits was 1:3 and that for infective endocarditis 
caused by a non-streptococcal/non-staphylococcal 
organism was 3:14. The relative risk if the patient 
had congestive heart failure at diagnosis of infective 
endocarditis was 8:36; this was the highest risk for 
any feature in the study. Other factors associated 
with a high risk of death were renal failure and pre- 
vious cardiopulmonary bypass surgery. The overall 
mortality of 50% for infective endocarditis after car- 
diopulmonary bypass surgery for congenital lesions 
is in the order of that for prosthetic valve endo- 
carditis in adults. ! 7 !$ 

Trauma to any epithelial surface especially in the 
oropharynx and gastrointestinal or genitourinary 
system can result in bacteraemia. A breach in the 
endothelium makes the cardiovascular system vul- 
nerable; hence surgical factors such as pacemakers, 
arterial lines, cardiopulmonary bypass, blood prod- 
ucts, and intravenous infusions have all been impli- 
cated as the source of infection. If dental 
extractions ultimately lead to infective endocarditis 
they usually do so within two weeks in 85% of sus- 
ceptible patients.!? A delay between symptoms and 
diagnosis, an inapparent entry point, and previous 
antibiotic treatment can all obscure the source. In 
previous reports, including adult patients with 
native (that is non-perioperative) infective endo- 
carditis, approximately half had no source 
identified. 18 In the present study only the early 


cardiopulmonary cases had a (presumptive) source 
of septicaemia in every patient. A dental source for 
the septicaemia, for which prophylactic antibiotics 
might have been given, was suspected in only one of 
the 18 cardiopulmonary bypass cases. Furthermore, 
two patients developed infective endocarditis 
despite prophylaxis with antibiotics before dental 
procedures. Fully effective antibiotic prophylaxis 
may be impossible in certain categories of patients 
(for example those with low cardiac output and renal 
failure) whether or not they are treated surgically 
(bypass or non-bypass) because all the potential 
sources for infection cannot be identified. 

Confirmation of suspected infective endocarditis 
by blood culture was possible in all but three cases of 
infective endocarditis, and two of these had already 
been treated with antibiotics. 

We found no significant differences in the fre- 
quency of positive blood cultures between the 
groups. This result is different from previously 
reported series in which the incidence of negative 
blood cultures was as high as 20%.'°~?! Factors 
which reduce the blood culture yield include vari- 
ability in culture techniques, the virulence and 
growth requirements of the organism, and the site of 
vegetations. À single dose of antibiotic before admis- 
sion to hospital can result in negative blood cultures 
for two weeks.? None the less, our high rate of posi- 
tive cultures may be related to the particular patient 
population. It is unlikely that true cases of infective 
endocarditis with negative blood cultures would 
have been overlooked for the full course of the ill- 
ness. Right sided infective endocarditis in adult 
patients has been cited as a potential cause of nega- 
tive blood cultures,? but our data do not support this 
in childhood. 

The predominance of organisms of the strep- 
tococcus viridans group and Straphylococcus aureus 
in this study accords with other reports. An 
increase in the incidence of staphylococcal infective 
endocarditis has been reported in adults treated by 
cardiac surgery.? In our study staphylococcal infec- 
tions were most common in the non-operated group. 
The preponderance of non-Gram positive infections 
in our cardiopulmonary bypass group 1s, however, 
reminiscent of adult patients with prosthetic valve 
endocarditis, another group known to have a viru- 
lent clinical course. Knowledge of the greater like- 
lihood of non-streptococcal and non-staphylococcal 
infective endocarditis patients who have been on 
cardiopulmonary bypass may be useful in initiating 
antibiotic treatment for suspected cases before the 
results of blood cultures are known. | 

The relative infrequency of most of the classic 
clinical findings (other than fever) suggests the 
importance of intensive investigation of fever when 
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it is the only symptom in patients susceptible to 
infective endocarditis. The higher frequency of con- 
gestive heart failure in cases of endocarditis occur- 
ring soon after cardiopulmonary bypass may be 
partly related to the greater frequency of congestive 
heart failure in this group even when infective endo- 
carditis is not present. Fever, which was present in 
nearly all of our patients, has been reported to be 
absent in 25-30% of blood culture positive 
patients.2? This difference may be another charac- 
teristic specific to our age group and patient popu- 
lation. Abnormal laboratory results, other than 
anaemia and leucocytosis, were not sensitive mark- 
ers for infective endocarditis. These two features are 
of a low specificity, however. The erythrocyte sedi- 
mentation rate and circulating immune complex 
concentrations were not measured in all patients and 
these results were therefore not used in this study. 
These investigations were useful in other series.? 
Operation alone can increase the erythrocyte sedi- 
mentation rate. 

Echocardiography showed vegetations in nine of 

12 patients studied and is now considered to be a 
standard part of the initial investigation for infective 
endocarditis.?^?5 Vegetations must be more than 
2-3mm in diameter to be visualised by current 
echocardiographic techniques. Because vegetations 
can increase in size repeated examinations are neces- 
sary. We now repeat echocardiographic examination 
every week if this diagnosis is suspected. The weekly 
study is continued during the early period of anti- 
biotic treatment in confirmed cases, and if the vege- 
tation increases in size antibiotic treatment is 
reviewed and surgical intervention may be consid- 
ered. 
'The frequency of serious and fatal complications 
of infection and treatment indicate not only the 
importance of early diagnosis and treatment but also 
a need for adequate prophylaxis. The frequent 
requirement for surgical intervention in the late car- 
diopulmonary bypass group emphasises the virulent 
course of this type of infective endocarditis. 
Whereas operation is-the only option in many 
patients (uncontrolled sepsis and recurrent emboli), 
it can introduce a new set of complications. The 
morbidity of cardiopulmonary bypass operations in 
patients with intractable congestive heart failure is 
high even when active infective endocarditis is not 
present. 


Conclusions 


Several points can be made regarding infective 
endocarditis in the paediatric population. Any 
patient with a congenital heart lesion, whether 
untreated, repaired, or palliated, should be consid- 
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ered at risk for infective endocarditis. There appears 
to be no time limit for the occurrence of infective 
endocarditis; for many lesions the risk is probably 
lifelong. Sensitive clinical indicators of infective 
endocarditis in children are limited to fever, ana- 
emia, and leucocytosis. T'he presence of any of these 
features should raise suspicion in susceptible 
patients. If infective endocarditis is present blood 
cultures and echocardiography are very likely to 
confirm the diagnosis and should be done even when 
probability of infective endocarditis seems low by 
other criteria. The source of septicaemia is not 
definable in most cases, especially when the disease 
develops late after cardiopulmonary bypass. Totally 
effective antibiotic prophylaxis is therefore impos- 
sible. Non-Gram-positive organisms were more 
common in cases arising after cardiopulmonary 
bypass and these cases are more likely to need sur- 
gical intervention and more likely to die from the 
combination of the underlying cardiac lesion, infec- 
tion, and treatment. The complication rate for infec- 
tive endocarditis is high for all groups and increases 
when there is a delay in the initiation of treatment. 
These points serve to re-empbasise the critical 
importance of early diagnosis, which can be 
achieved only by thorough investigation of minimal 
symptoms and signs, especially after cardio- 
pulmonary bypass surgery. 
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Fifty cases of late prosthetic valve endocarditis: 
improvement in prognosis over a 15 year period 
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SUMMARY The clinical course, prognostic factors, and management of 50 cases of late prosthetic 
valve endocarditis, occurring more than two months after valve replacement, were reviewed. 
Twenty nine cases that presented from 1971 to 1980 were compared with 21 cases that presented 
from 1981 to 1985. Apart from an appreciable decrease in the frequency of neurological compli- 
cations between the first period (38%) and the second period (10%) no differences in clinical or 
bacteriological features were seen. Seventeen (59%) of the 29 cases in the earlier period and four 
(19%) of the 21 cases in the later period died. The rationale for antimicrobial treatment was 
similar during both periods. Cardiac surgery was performed in eight of 29 cases between 1971 and 
1980 and in 11 of 21 between 1981 and 1985; the mean (SD) time between diagnosis of endo- 
carditis and operation was 28 (19) days and 43 (44) days respectively. Six of the eight cases oper- 
ated on in the first period died as did two of the 11 operated on in the second period. Twenty 
seven of the 29 cases presenting between 1971 and 1980 were treated with anticoagulants—either 
warfarin (15 of 27) or heparin sodium (12 of 27). Sixteen of the 21 cases presenting later were 
` given anticoagulants and 15 of these cases were given heparin sodium. Control of anticoagulation 
was inadequate in nine of the 27 cases treated with anticoagulants during the first period and in 
only two of 16 treated during the second period. During the first treatment period neurological 
complications were more frequent when control of anticoagulation was inadequate. 


Since the first reports of prosthetic valve endo- 
carditis in 1962-63! the number of cases has 
increased. This is the result of an increase in the 
number of patients undergoing valve replacement 
and of the longer survival of these patients. The 
overall prevalence of late prosthetic valve endo- 
carditis, however, remains approximately 1:2% .? 
Ina review in 1979 of 140 cases of late prosthetic 
valve endocarditis Watanakunakorn reported a mean 
death rate of 45% .° The wide variation in mortality 
(from 18% to 67%) in various series indicates that 
many factors can influence prognosis.* 5 
We have already reported our experience with 29 
cases of late prosthetic valve endocarditis studied 
retrospectively from 1971 to 1980 at the Claude Ber- 
nard Hospital. We have reviewed a further 21 cases 
Requests for reprints to Dr C Leport, Service des Maladies Infec- 
teuses et Tropicales, Hópital Claude Bernard, 10 avenue de ia 
Porte d'Aubervilhiers, 75019 Paris, France 7 
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examined between 1981 and 1985 and we have com- 
pared them with the earlier series in an attempt to 
analyse the factors contributing to any changes in 
the pattern and prognosis of the disease. 


Patients and methods 


From January 1971 to December 1985 there were 50 
cases of late prosthetic valve endocarditis among the 
449 cases of infective endocarditis seen at the 
Department of Infectious and Tropical Diseases, 
Claude Bernard Hospital, Paris. 

Late prosthetic valve endocarditis was defined as 
an infection occurring more than two months after 
valve replacement." Diagnosis was based on the fol- 
lowing criteria: (a) anatomical evidence of endo- 
carditis (22/50 cases) and (b) at least two positive 
blood cultures containing the same organism and a 
consistent. clinical picture (43 of 50 cases). In the 
seven cases with negative blood cultures the diagno- 
sis was confirmed anatomically in five and was prob- 
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Figure Number of cases and mortality of late prosthetic 
valve endocarditis, 1971-85. 

able in two. A relapse was defined as a subsequent 
episode of endocarditis in which the same organism 
as in the original episode was implicated and a recur- 
rence as a subsequent episode in which an organism 
other than the original one was implicated. 

The cases were divided into two groups 
(figure). Twenty nine cases occurred during the ear- 
her period (between 1971 and 1980) in 26 patients 
(17 men and nine women; mean (SD) age 51(14) 
years (range 20—70)). One patient had three recur- 
rences. There were twenty one further cases during 
the later period (between 1981 and 1985) in 20 
patients (13 men and seven women; mean (SD) age 
46(19) years, range 11—75) and one patient had a 
recurrence. 

The two periods were compared by the y? test 
(both with and without Yates’ correction), the 
Fisher exact probability test, the Mann-Whimey U 
test, the analysis of variance, and Student's t test. A 
p value of <0-05 was taken to indicate statistical 


significance. 
Results 









LY 
AT 





CLINICAL AND BACTERIOLOGICAL FEATURES 

During the first period all 29 cases had mechanical 
valves, whereas during the second period eight of 21 
had heterograft valves (p < 0:001). The sites of the 
prostheses were similar in the two periods (table 1). 

The only significant difference in the clinical 
features of the disease between the two periods was 
the decrease in cerebral events, from 11 (38%) of 
29 cases in 1971-80 to two (10%) of 21 cases in 
1981-85 (p < 0-05) (table 2). 

There was no significant difference in the bacte- 
riological profile between the two groups (table 3). 
The frequency of non-streptococcal endocarditis 
(16/29 in 1971—80 and 11/21 in 1981—85) was similar 
during the two periods. 
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Table 1 Comparison of the site of the prostheses in late 
prosthetic valve endocarditis between two groups treated over 
two periods 





Number of cases 

1971-80 1981-85 
Aortic 9 12 
Mitral 8 3 
Tricuspid 0 3 
Muluple 12 3 
Total 29 21 


Table 2 Clinical features in cases of late prosthetic valve 





endocarditis during the two periods 

Number of cases (%) 

1971-80 1981—85 

{29 cases) (21 cases) 
Fever 29 (100) 20 (95) 
Splenomegaly 7 (24) 5(24) 
New heart murmur 13(45) 11(52) 
Congestive heart failure 17 59 10(48) 
Cerebral event 11* (38) 2* (10) 


*The only ngnificant difference between the two periods was that 
for cerebral events (p < 0 05). 


Table3 Bacteriological features of cases of late prosthetic 
valve endocarditis during the two periods 


Number of cases (%) 
1971-80 1981-85 
Streptococcus’ 13* (45) 10* (48) 
Str enterococcus up D) 1 4 
Str bovis (group D) 3 H 
Non-group D 3 5 
Staphylococcus 10(34) 3(14) 
Staph aureus 6 2 
Coagulasc negative 4 0 
micrococcus sp 0 1 
Other micro-organism 2t 3 
Two causative agents 3 1 
Negative blood and valve cultures 1 4** 
Total 29 21 


Petes ea of streptococcal endocarditis m the two penods 
= NS). 
Klebsiella m one case and Pseudomonas in the other. 
Corynebactertum in one case, Cardiobacterium hominis m one, and 
istoplayma capsulatum in one case 
§Streptococcus faecahs and Pseudomonas stutzert in one case, 
Staphylococcus coagulase negative and Candida tropicalis in one 
case, and Streptococcus faecalis and Enterobacter cloacae in one case. 
€ Streptococcus sanguis | and Streptococcus is 2 1n onc case. 
** Serological evidence of Coxiella burnetu endocarditis in one case. 


OUTCOME 

The overall mortality for the two periods was 42% 
(21 of 50 cases). Seventeen (59%) cases 1n the first 
group died and four (19%) in the second (p < 0-01). 
Death was related to cardiac failure in 10 of the 17 
earlier cases and in two of the four later cases; a neu- 
rological complication accounted for the deaths of 
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seven of 17 cases from 1971 to 1980 and two of the 
four cases from 1981 to 1985. 

The only relapse occurred in the more recent 
period in a patient who was treated with anti- 
microbials alone for endocarditis caused by Strep- 
tococcus D faecium. This patient was successfully 
treated with antimicrobials and valve replacement. 
Between 1971 and 1980 one patient died after three 
recurrences caused by Streptococcus faecalis, and 
finally Streptococcus bovis and Pseudomonas 
aeruginosa. Between 1981 and 1985 there was one 
recurrence caused by Straphylococcus aureus in a 
drug addict with a tricuspid prosthesis who had 
previously been infected with Streptococcus sanguis. 


ANTIMICROBIAL TREATMENT 

All but one of the 50 cases was treated with anti- 
biotics; in the first period one patient died before 
treatment could be started. The choice of anti- 
microbial agents was based on the same principles 
during both periods; the agent was selected accord- 
ing to the causative organism, the in vitro sus- 
ceptibility tests, and the serum bactericidal titre. A 
combined drug regimen was used in 45 of 47 cases of 
non-fungal endocarditis. The mean (SD) interval 
between the first manifestations of endocarditis and 
the onset of antimicrobial treatment was 23 (18) days 
(range 2-59) for 1971-80 and 25(36) days (range 
2-145) for 1981-85 (NS). The duration of treatment 
in non-fungal endocarditis was significantly longer 
in recent years—54 (32) days (range 3-146) versus 
34(20) days (range 2-80) (p < 0-01). In 1971-80, 
however, seven of 27 patients died before day 15 of 
treatment, whereas in 1981—85 only one of 20 
patients did. 


SURGICAL TREATMENT 

Nineteen patients underwent valve replacement 
during the active phase of the disease (eight of the 29 
initial cases and 11 of the 21 more recent cases). 
Analysis of prognostic factors from 1971 to 1980$ 
led to more precise indications for operation being 
applied in recent years; these were based on criteria 
established by Karchmer er a].? Thus operation was 
more common during 1981-85; however, this 
difference was not statistically significant (p — 0-08). 
The mean (SD) interval between the diagnosis of 
endocarditis and the valve replacement was not 
significantly different during the two periods: 
28(19) days (range 2-60) in 1971-80 and 43(44) 
days (range 8—150) in 1981—85. In the first period, 
six (75%) of eight surgically treated patients died 
and in the second period two (18%) of 11 died (p < 
0 05). Culture of the prosthesis in 17 of 19 surgically 
treated cases was sterile in eight cases. In seven 
others it grew the same or one of the organism(s) 


present in the blood cultures and in two cases it grew 
an organism which had not been isolated from the 
blood—Histoplasma capsulatum in one case and 
Streptococcus mitis in the other. 


ANTICOAGULANT TREATMENT 
Anticoagulant treatment was continued in 43 of 50 
cases in which it had been used before the devel- 
opment of endocarditis. From 1971 to 1980, 27 of 29 
cases were given anticoagulants—15 warfarin and 12 
heparin sodium. During this period two patients 
treated with warfarin had neuromeningeal bleeding 
with a prothrombin time of less than 1095, without 
the dose of anticoagulant being changed. For this 
reason during the second period we treated 15 of 16 
cases with heparin sodium rather than warfarin. 
Satisfactory coagulation tests (that is, activated par- 
tial thromboplastin time between 1:5 and 2-5 times 
control or prothrombin time between 20% and 40% 
control) were more often maintained during recent 
years, 14 of 16 cases, than in the past, 18 of 27 cases. 
During the first period, neurological compli- 
cations were more frequent when anticoagulation 
was inadequate (p « 0-05) (table 4). Between 1971 
and 1985 two of the seven patients who were not 
treated with anticoagulants had a cerebral embolus 
and one had cerebral bleeding related to severe 
thrombopenia. Neurological signs were an early 
manifestation of endocarditis occurring before the 
start of treatment, in six of 11 cases between 1971 
and 1980 and in the two recent cases with cerebral 
events. 


PROGNOSTIC FACTORS 

There was no significant difference in mortality 
(expressed as a percentage of cases) between men 
(12 of 30 (40%)) and women (nine of 16 (56% )), or 
between cases with mitral endocarditis (five of 11 
(45%)), aoztic endocarditis (eight of 21 (38%)), tri- 


Table 4 Correlation between neurological complications 
and anticoagulant treatment in cases of late prosthetic valve 
endocarditis occurring during two periods 


Number of cases mth 
cerebral events asa 
proportion of cases 
1971-80 1981-85 
Anticoagulants given 9/27 1/16 
Adequate anticoagulation els. alee 
Inadequate anticoagulation 61/9* 0j2 
Antíicoagulan:s not given 2/2 1/5 
Total 11/29 2/21 
*p « 005. 


fProbable embolus ın two cases and probable haemorrhage in two 


ceses 
Probable embolus in three cases and probable haemorrhage in 
three cases. 
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cuspid endocarditis (one of three (33%)), or multi- 
ple valve endocarditis (seven of 15 (47%)). The age 
of these who died and those who survived was simi- 
lar. When heterograft valves were affected the death 
rate was 25% (two of eight cases). This was not 
significantly different from the death rate in endo- 
carditis of mechanical valves (19 of 42 cases (45%)). 
The results of cross sectional echocardiography 
combined with pulsed Doppler could only be stud- 
ied from 1981 to 1985. This technique provided evi- 
dence for the diagnosis of endocarditis—that is, veg- 
etations (seven cases) or valve dysfunction (six cases) 
in 11 of the 19 cases studied. Two of the seven cases 
with vegetations died. Six of them had had valve 
replacement. 

Several factors were associated with a less favour- 
able outcome (tables 5 and 6). The predictive value 
(that is the number of deaths compared with the 


"Table 5 Comparison of factors in the prognosis in late 
prosthetic valve endocarditis between two periods. Figures are 
numbers of deaths|numbers of cases 





1971-80 1981-85 Significance 


Cardiac failure with new 

regurgitant murmur 8/9 Mri p=001 
Conduction abnormality 3/3 — 
Neurological event 10/11 2/2 NS 
Persistent fever 6/9 3/11 NS 
Streptococcal infection 3/13 1/10 NS 
Non-streptococcal infection — 14/16 3/11 p<005 
Total 17/29 — 4[2 p «001 





NS, not significant, 

Table 6 Comparison of the mortality in late prosthetic 
valve endocarditis between two periods, according to the 
treatment. Figures are numbers of deaths |number of 
cases (96) 





1971-80 1981-85 p value 
Anumicrobial agents 
alone 11/21(52)  2/10(20) NS 
Antimicrobial agents 
+ operation 6/8075)  2/11(18) «005 
"Total 17/29(59) 4/21 (19) <001 





NS, not significant. 


Table 7 Comparison of the mortality in late prosthetic 
valve endocarditis between two groups treated during two 
periods, according to the type of micro-orgamsm and the 
treatment. Figures are numbers of deaths/number of cases 





Antimicrobial — Antimicrobials 





alone and operation 

Streptococcal endocardins. 

1971-80, 3/11 0/2 

1981-85 0/5 1/5 
Non-streptococcal endocarditis: 

1971-80 8/10 6/6* 

1981-85 2/5 1/6* 
*p = 0-015. 
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number of cases with the risk factor) of atrio- 
ventricular conduction abnormality, fever persisting 
for over 10 days despite adequate antibiotic treat- 
ment, and neurological complication was similar 
during both periods. Cardiac failure caused by valve 
dysfunction was indicative of poor prognosis in the 
first period only. An isolated new regurgitant mur- 
mur was not associated with a poor prognosis—two 
patients of the eight cases died. Neither was oper- 
ated upon. The prognosis of cases of non- 
streptococcal endocarditis (14 deaths out of 16 cases) 
was significantly worse than the prognosis of cases of 
streptococcal endocarditis (three deaths out of 13 
cases) between 1971 and 1980 (p « 0-001). How- 
ever, from 1981 to 1985 the outcome of these two 
groups was not different; there were three deaths out 
of 1l cases of non-streptococcal endocarditis and 
one death out of 10 cases of streptococcal endo- 
carditis. 

The mortality associated with the type of 
organism and treatment during the two periods 
could not be compared because the numbers of cases 
were too small. The prognosis of surgically treated 
cases of non-streptococcal endocarditis seems to be 
better in the second period, however (table 7). 


Discussion 


This study indicates a considerable improvement in 
the prognosis of late prosthetic valve endocarditis 
between 1971-80 and 1981-85. The overall mor- 
tality was similar to that seen in a review of pub- 
lished series in 1982 in which the case-fatality rate 
for 193 cases was 46% .? Many factors may have con- 
tributed to this trend; some are related to the general 
improvement in medical care and surgical pro- 
cedures and are thus difficult to analyse. Thus the 
differences between two successive periods must be 
interpreted with care. But an improvement in the 
treatment of late prosthetic valve endocarditis has 
been noted by others too.* ? 1° 

A comparison of clinical features in our study 
showed that the pattern of the disease has not 
changed significantly, except for a decrease in the 
frequency of neurological events in recent years. 
Neurological complications are one of the most 
important causes of death in prosthetic valve 
endocarditis® !! and they are usually associated with 
a high death rate. A reduction in their occurrence 
may have been a major factor accounting for the 
improvement in prognosis between 1981 and 1985. 
'This trend may be related to a change in the man- 
agement of anticoagulants in recent years. The use 
of anticoagulants in late prosthetic valve endo- 
carditis has been controversial.) !!^!* Wilson et al 
emphasised that they should be temporarily discon- 
tinued only if a neurological event occurred.!? In 
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our series anticoagulant treatment was continued in 
all patients to whom they had been given before the 
development of endocarditis. The position of 
patients who are not on anticoagulants when endo- 
carditis is diagnosed is still being debated.!! !? The 
numbers of such- patients have increased with the 
use of heterograft valves, which do not require long 
term anticoagulation. 

Our study confirms that anticoagulation must be 
maintained in a narrow therapeutic range to 
decrease the frequency and the severity of neu- 
rological complications.!!7 We believe that intra- 
venous heparin sodium is the best anticoagulant for 
patients with prosthetic valves. Stable anti- 
coagulation cannot be achieved with warfarin, which 
may be affected by other drugs and infection.'® The 
increased use of heparin sodium in our patients 
probably contributed to the decrease in neurological 
complications and thus to the improvement in prog- 
nosis during recent years. The only two neurological 
events that occurred between 1981 and 1985 were 
the first manifestation of endocarditis in both cases. 
We believe that heparin sodium should be used rou- 
tinely when anticoagulants are indicated and as soon 
as the diagnosis of late prosthetic valve endocarditis 
is suspected. 

Bacteriological factors may also have influenced 
the changing prognosis of late prosthetic valve endo- 
carditis. Like others we found that streptococcal 
endocarditis was associated with a better outcome 
than other infections.” !5 In our study the predom- 
inance of streptococci and the less common occur- 
rence of staphylococci (especially Sraphylococcus 
aureus) may have reduced mortality in 1981-85; 
however, the prognosis of streptococcal endocarditis 
was not different in the two periods, whereas there 
was a pronounced improvement in the outcome of 
non-streptococcal endocarditis in recent years. 

Advances in treatment in the past few years have 
improved the prognosis of patients with prosthetic 
valve endocarditis.!? The effect of better medical 
management is difficult to assess. The principles of 
antimicrobial treatment remained the same—that is, 
a combined drug regimen of bactericidal agents with 
bacteriological tests? '*—however, more potent 
antibiotics may have improved the prognosis of 
patients with non-streptococcal endocarditis.?° 

Differences in surgical treatrnent between the two 
periods are more obvious. An analysis of prognostic 
factors from 1971 to 1980° led us to formulate more 
precise indications for operation in recent years; 
these were based on the same criteria as those estab- 
lished by Karchmer er al.* The significant decrease 
in mortality of surgically treated cases between the 
two periods is probably another important factor in 
the improved prognosis in our series. Similar 


findings were reported by Mayer and Schoenbaum? 
when they reviewed five series.” 152172? We found 
that improved surgical management?4^ ?6 was of 
particular benefit in those with non-streptococcal 
endocarditis (table 7). 

Our study confirmed the validity of most of the 
criteria for operation established by Karchmer et al? 
and reviewed by others.'?? Unlike others we did 
not find that aortic and mechanical valves were asso- 
ciated with a worse prognosis. ? ?? The presence of 
heterograft valves in the patients seen between 1981 
and 1985, however, may have been instrumental in 
reducing the death rate. Cardiac failure due to valve 
dysfunction did not cause a higher death rate in 
recent years; all seven cases were treated by surgery. 
Embolic manifestations, infection with a fungal 
agent, and relapse have also been proposed as indi- 
cations for operation, !5?" but these cannot be eval- 
uated in our study. The prognostic value of echo- 
cardiographic abnormalities must be confirmed by 
more extensive studies. Multiple factorial analysis of 
a greater number of cases may provide more precise 
indications for operation. Operation is an important 
factor in the improvement of prognosis of late non- 
streptococcal prosthetic valve endocarditis. 


We thank Dr P Rajagopalan for discussions and 
J Alix for linguistic assistance. 
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Prosthetic valve endocarditis 
A survey 
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SUMMARY Fifty eight patients (aged 8-59 years, mean 27) treated for prosthetic valve endo- 
carditis from January 1966 to January 1985 were studied retrospectively by review of case notes. 
‘There were 12 cases of early and 46 cases of late prosthetic valve endocarditis. These developed 
in 28 patients with an isolated aortic valve, in 26 with an isolated mitral valve, and in four. with 
both aortic and mitral prosthetic valves. Streptococci were the most commonly isolated micro- 
organisms, followed by staphylococci, Gram negative bacteria, and fungi. A surgical (34 cases) or 
a necropsy specimen (10 cases) from 44 cases was examined. Eighty two per cent of the patients 
had congestive heart failure. Twenty four of the 58 patients were medically treated and 17 died 
(70% mortality). Combined medical and surgical treatment was used in 34 patients; the main 
indication for surgery was congestive heart failure. Fourteen patients on combined treatment died 
(40% mortality). Persistent sepsis and prosthetic valve dehiscence were the most common early 
and late operative complications. The most important influences on outcome were congestive 
heart failure, the type of micro-organism, the severity and extent of anatomical lesions, the time 
of onset of prosthetic valve endocarditis, and the type of treatment. 

This survey indicates that only patients without congestive heart failure or embolic compli- 
cations and with sensitive micro-organism should be treated medically. In view of the poor 
prognosis patients with prosthetic valve endocarditis associated with congestive heart failure, 
persistent sepsis, and repeat arterial emboli should be treated by early surgical intervention. 


Despite advances in antimicrobial treatment and in 
surgical management, postoperative endocarditis 
still causes considerable morbidity and mortality in 
patients with prosthetic heart valves. We examined 
the clinical course and treatment of 58 patients with 
prosthetic valves who presented with endocarditis 
over a 15 year period (1968-84). 


Patients and methods 


Patients treated for prosthetic valve endocarditis 
from January 1966 to December 1984 were studied 
retrospectively by review of case notes. 

The diagnosis of prosthetic valve endocarditis was 
established by the presence of one or both of the 
following criteria: histopathological evidence of 
endocarditis in a surgical or necropsy specimen; at 
Requests for reprints to Professor Mohamed Ben Ismail, Service 
des Maladies Cardio-vasculaires, Hopital la Rabta, Tunis, Tunisia. 
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least two blood cultures that were positive for the 
same organism and associated with an obvious clini- 
cal picture of prosthetic valve endocarditis, valve 
dysfunction, or signs of septic emboli. Endocarditis 
diagnosed within 60 days of operation was classified 
as early, cases presenting beyond this time were 
classified as late endocarditis. The term active pros- 
thetic valve endocarditis included patients with pos- 
itive blood cultures in the 48 hours before surgical 
intervention, a prosthesis giving a positive culture, 
or a myocardial abscess found at operation or nec- 
ropsy. We used the y? test for statistical analysis. 


Results 


Prosthetic valve endocarditis developed in 58 
(59%) (38 M, 24 F) of 979 patients with cardiac 
valve replacement followed by us at our hospital 
between January 1968 and December 1984. The age ` 
range of these 58 patients was 8-59 years (mean 27 
years). There were 12 cases of early and 46 of late 
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prosthetic valve endocarditis. Endocarditis devel; 
oped in 28 patients with an aortic valve, in 26 with a 
mitral valve, and.in four with combined aortic and 
. mitral valve replacement. 


CLINICAL CHARACTERISTICS ;, 

Fever was the most common clinical finding (55 
(95%)). Other physical signs were splenomegaly (10 
(17%)) and cutaneous signs (11 (18%)). Anaemia, 
with haematocrit of <35% and increased white cell 
count was detected in 50%; 28% had haematuria 
and 16% had proteinuria. Nearly all the patients had 
an increased erythrocyte sedimentation rate. à 


MICROBIOLOGY 


Table 1 shows the micro-organisms that caused. 


prosthetic valve endocarditis in this study. These 
were identified by blood cultures from 34 (59%) 
patients. Streptococci were the most commonly iso- 
lated organism, followed by staphylococci, Gram 
negative bacteria, and fungi. Twenty four (41%) 
patients had negative blood cultures. Streptococci 
were more common in late prosthetic valve endo- 
carditis, whereas more antibiotic resistant micro- 
organisms (staphylococci, Gram negative bacteria) 
were more common in early prosthetic valve endo- 
carditis. Table 2 shows the likely sources of infection 
in 36 (62%) patients. Portals of entry were different 
in early and late prosthetic valve endocarditis; in late 
prosthetic valve endocarditis dental treatment (usu- 
ally without antibiotic prophylaxis) was the most 
common factor indentified, followed by genital and 
urinary tract infection. Infections causing early 
prosthetic valve endocarditis occurred mainly dur- 
ing cardiopulmonary bypass or in the early post- 
operative period (11/12 cases). Immunological 
investigations were performed in only four patients. 


ECHOCARDIOGRAPHY 
Echocardiography was performed in 18 patients. 


Table 1 ` Microbiological causes of prosthetic valve 
endocarditis (PVE) tn 58 patients (12 early cases and 46 
late cases) 








No of patients 
Barly PVE Late PVE Total 
Micro-orgamsm (12) (46) (58) 
Streptococcus 1 13 14 (24%) 
Sep 
epidermidis 2 3 10 (17%) 
S aureus 2 - 3 
6 14 
Gram negative bacteria 2 7 9 (15 5%) 
Candida albicans 0 1 107905 
Negative blood 
culture 5 19 24 (41%) 
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Dehiscence of the prosthetic device was seen in two 
patients with aortic valve replacement and vegeta- 
tions in three patients also with prosthetic aortic 
valves. 


PATHOLOGICAL CHANGES 

Examination of surgical (34 cases) or necropsy speci- 
mens (10 cases) found abnormalities in 26 aortic and 
21 mitral prostheses (table 3). The most common 
lesions were dehiscence (36/44) and vegetations 
(33/44); thromboses were more common on mitral 
prostheses than on aortic prostheses. The valve ring 
was usually considerably altered and extension of 
the infection to the adjacent cardiac structures was 
common. In the three bioprostheses that were exam- 
ined infection affected the valve leaflets but not adja- 
cent host tissue. 


COMPLICATIONS 

Congestive heart failure occurred in 48 patients 
(82%) (12 early and 36 late cases of prosthetic valve 
endocarditis), neurological complications in 15 
(25%) (13 embolic strokes and two cerebral 
abscesses) (three early and 12 late cases of prosthetic 
valve endocarditis), and peripheral vascular emboli 
in 27 patients (46%) (three early and 24 late cases of 
prosthetic valve endocarditis). 

Fever persisted in 21 patients (nine early and 12 
Jate prosthetic valve endocarditis) after the start of 
appropriate medical treatment, and atrioventricular 
conduction disturbances with complete heart block, 
related to extension of the infection to the conduc- 


‘tion system, were seen in three patients with late 


prosthetic valve endocarditis; six (10%) patients 
with prosthetic valve endocarditis (all late cases) had 
renal failure. 


TREATMENT AND OUTCOME 

Twenty four patients had medical treatment alone; 
seven survived. Thirty four patients had combined 
medical and surgical treatment (table 4). Twenty 
three patients were operated on in France and 11 in 
Tunis. 


Table 2 Sources of mfection in 36 patients with prosthetic 
valve endocarditis (PVE) 


Portal of entry Early PVE Late PVE Total 
Dental treatment 1 6 7 
Cutaneous infection 1 I 
Urinary tract infection 4 4 
Pulmonary inf 4 4 
Genital infection 5 5 
Gastric infection 2 2 
Caesarean section 1 i 
Post-cardiopulmonary 

bypass li 11 
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Table 3 Pathological findings in 26 aortic and 21 mitral prostheses or bioprostheses seen at operation (34 cases) or at^ 


necropsy (10 cases) 











Finding Aortic replacement (26) Mastral replacement (21) Total (44) 96 
Valve dehiscence 20 16 36 82 
Vegetations 18 15 33 75 
Thrombosis 2 9 11 25 
Ring valve abscess 12 4 16 36 
Complete destruction of ring valve 2 1 3 7 
Aoruc aneurysm 4 — 4 9 
Myocardial abscess 2 1 3 7 
Septal involvement 2 1 3 7 
Aoruc abscess 1 — 1 2 
Torn valve leaflets* 2 1 3 7 
Extension of infecuon to adjacent cardiac 
structures 16 7 23 


*Bioprostheses. 


RESULTS OF MEDICAL TREATMENT 

Of the seven patients who survived after medical 
treatment (one with early prosthetic valve endo- 
carditis and six with late prosthetic valve endo- 
carditis), two were lost to follow up and five were 
followed for 6-120 months (mean 64 months); all 
of them are alive and well—one is in grade I and four 
in gradeII of the New York Heart Association 
classification. The patients were not treated sur- 
gically because they responded well to medical treat- 
ment and had no obvious signs of cardiac failure or 
valve dysfunction. Seventeen (7095) of the medically 
treated patients died. We attribute this high mor- 
tality to the fact that patients treated medically were 
usually referred from other hospitals, they were 
already critically ill, with congestive heart failure, 
low cardiac output, and sometimes neurological dis- 
turbances, and were too ill to undergo operation. 
'The main cause of death was prosthetic valve dys- 


Table 4 Outcome in 58 patients with prosthetic valve 
endocarditis 








Total Suruived Died 

Treatment No (%) No (%) No (%} 
Medical/anubiotics 

alone 24 (42) 7 (29) 17 01) 
Medical and surgical ; 

(antibiotics + 

reoperation) 34 (58) 20 (59) 14 (41) 
Total 58 27 31 


Table5 Indications for surgical treatment of infected 
prosthetic valves 





Indications No patients 96 
Cardiac failure (prosthetic 

dysfunction) 19 56. 
Cardiac failure and persistent 

sepsis 14 4l 
Fungal PVE 1 3 





PVE, prosthetic valve endocarditis 


function or cardiac failure or both in 11 patients; 
neurological complications with coma was the cause 
of death in five patients; and persistent sepsis in one 
patient. 


RESULTS OF COMBINED MEDICAL AND 
SURGICAL TREATMENT 


“Thirty four of the 58 patients underwent repeat 


operation because of prosthetic valve, endocarditis, 
and in some instances further operations were 
required. Thirty had late prosthetic valve endo- 
carditis and four had early prosthetic valve endo- 
carditis. Fifteen were operated on during an active 
stage. Table 5 lists the indications for operation in 
patients with infected prosthetic valves. 

'The main indication for surgery was progressive 
severe congestive heart failure caused by valve dys- 
function, with or without persistent sepsis. One 
patient with Candida albicans infection of a Bjork 
mitral valve died postoperatively of low cardiac out- 
put. In all cases operation included debridement of 
infected tissue. In four partial valve dehiscence was 
repaired without valve replacement; in 30 cases, cor- 
rection of a haemodynamically important paravalvar 
leak had to be done by valve replacement, with 
reconstruction of aortic annulus in six cases, supra- 
annular insertion of aortic prosthesis associated with 
coronary bypass in two cases, and insertion of a 
mitral prosthesis inside the atrial cavity in two cases. 


OPERATIVE MORTALITY 

Fourteen (41%) patients died: nine from low cardiac 
output, three from neurological complications, one 
from severe septicaemia, and one from ventricular 
arrhythmias. 

Many of the 20 patients who survived had early 
postoperative complications (table 6). T'he most fre- 
quent were persistent sepsis (5) and early prosthetic 
valve dehiscence (6) (three because of infection and 
three mechanical failures); three had a repeat valve 
replacement—one survived and two died. There 
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Table6 Early postoperative complications in 20 survivors 
two months after operation for prosthetic valve endocarditis 
(PVE) 





Complications % 


= 


Persistent sepsis: 
Staphylococcus 
Gram negative bacteria 


Negative blood culture 
Early prosthetic valve dehiscence 
Infection 


2576 


* 


Mechanical 3096 
Cerebral embol 
Ventricular archythmia 
Complete heart block 
M tinal infection 


35% 


“RN PO BO WO et Ut 





"Three recurrent valve replacement, two deaths, and one survivor. 


were two types of major complications in the 18 


patients who survived for more than two months ' 


after operation: persistent sepsis (3) (two survived 
and one died after repeat prosthetic valve replace- 
ment because of major valve dehiscence) and late 
prosthetic or périprosthetic leak (6) (two minor and 
four major requiring subsequent reoperation with 
three deaths from low cardiac output. 

So 14 are alive after operation. Eleven were fol- 
lowed (six with aortic and five with mitral valve 
replacement) (table 7). 
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PROGNOSIS 

We compared the 16 survivors with the 37 patients 
who died (table 8) to determine what factors were 
important to outcome. Five patients were lost to fol- 
low up (three survivors with combined medical and 
surgical treatment and two survivors with medical 
treatment). Congestive heart failure occurred in 
94% (35/37) of those who died and in 50% (8/16) of 
survivors (p « 0-01). 

Seventy eight per cent (11/14) of patients with 
bacteria sensitive to antibiotics survived and 21% 
(3/14) died; whereas 20% (4/20) of patients with 
resistant bacteria survived and 80% (16/20) died 
(p « 0:025). 

Outcome was better when infection was restricted 
to the prostheses (13/21) or 61% mortality com- 
pared with 86% (20/23) mortality in extensive 
lesions. 

Mortality from early prosthetic valve endocarditis 

was much higher (11/11) than that in patients with 
late prosthetic valve endocarditis (61% (26/42)). 
- A combination of medical and surgical treatment 
was associated with a slight improvement in out- 
come: 35% (11/31) vs 22% (5/22) in the medically 
treated group (p < 0-05). 

Mortality in patients with neurological compli- 
cations (74%) was not different from that in patients 
without such complications (72%). 


Table 7 Clinical results ın 11 survivors after surgical treatment for prosthetic valve endocarditis. Follow up period 18-62 


months (mean 41 months) 











Result NYHA grade ` CTR ECG Aortic (6) Mitral (5) 
Excellent HI - Normal Normal 1 
Good I-II Increased Moderately altered 6 4 
CTR, cardiothoracic ratio, NYHA, New York Heart Association, 
Table8 x? test to compare mortahty and survival associated with various prognostic features 
Survivors (16) Deaths (37) x5 test 
PVE with congestive heart failure 8 35 p < 001 
Sensitive-bacteria 11 3 
Resistant bacteria . 4 16 Boss 
Active PVE y 3 20 
Healed PVE 13 17 p< 005 
Infection localısed to prostheses 8 13 
Extension of infection to myocardium or wall of great p < 0-05 
vesecls 3 20 
PVE with CNS complications 4 il NS 
PVE without CNS complicanons 12 26 
Early PVE 0 li 
Late PVE 16 26 Bee! 
Medical treatment 5 17 p«005 
Combined medical surgical treatment 11 20 





CNS, central nervous system; PVE, prosthetic valve endocarditis, 
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Discussion 


Prosthetic valve endocarditis is a serious and 
increasingly common complication of heart valve 
replacement; it is reported in 1-9, 4% of patients 
with prosthetic valve replacement.! ? The high 
overall frequency (5-095) in our series may be the 
result of inadequate prophylaxis. Clinical diagnosis 
is established by fever, leucocytosis, haematuria, 
cutaneous signs, splenomegaly, and the discovery at 
auscultation of new regurgitant murmurs.^ In 60% 
of our patients blood cultures were positive. The 
rate of negative blood cultures was high because 
many of our patients were referred from other hos- 
pitals and were already on antibiotics. Immu- 
nological abnormalities are a useful diagnostic fea- 
ture in patients with negative blood cultures." ^? 

Like other workers, 1°71? we too found that 
streptococci were the most common causal micro- 
organisms—followed by staphylococci, Gram nega- 
tive bacteria, and fungi. Streptococci commonly 
cause late prosthetic valve endocarditis, often after 
treatment, whereas staphylococci, Gram negative 
bacteria, and Candida species are more important in 
early prosthetic valve endocarditis.’ 9!^ The 
organisms are mainly acquired in the operating 
rooms or in the intensive care unit.? 

There are differences in pathological findings 
between mechanical valves and bioprosthetic valves. 
In mechanical valves endocarditis is often associated 
with an infection behind the site of attachment of the 
prosthesis, resulting in ring abscess and dehiscence 
of the prosthesis.!5 Extension of infection to adja- 
cent cardiac structures is very common and it may 
cause a myocardial abscess, disruption of the atrio- 
ventricular conduction system, or fistulas into the 
right heart or pericardium.!? Vegetations are also 
common and they can be extensive, particularly in 
fungal infection. Ferrans et al found that biopros- 
thetic infection is usually localised to the cusps.!$ 

Renal failure and nephrotic syndrome are rare,! ? 
and due to a focal or diffuse glomerlonephritis and 
associated with immune complex in the serum and 
immunoglobulin deposits on the capillary wall.!9 

Mortality from prosthetic valve endocarditis is 
high, ranging from 35% to 7195.1? 751171? A new 
or an increased regurgitant murmur and the pres- 
ence of congestive heart failure are associated with 
a very high mortality. We found 95% mortality in 
patients with heart failure compared with 50% in 
patients without congestive heart failure. The type 
of micro-organism is a major factor; patients with 
prosthetic valve endocarditis caused by less patho- 
genic organisms that are susceptible to antibiotic 
treatment respond better than those with prosthetic 
valve endocarditis caused by more invasive, anti- 
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biotic resistant bacteria.*!! In the present series 
the mortality rate in streptococcal prosthetic valve 
endocarditis was 21% compared with 80% in non- 
streptococcal prosthetic valve endocarditis. 

Extension of infection into the valve seat and adja- 
cent tissues may result in partial or complete valve 
dehiscence, myocardial abscess, disruption of the 
atrioventricular conduction system, or fistulas into 
the right heart or pericardium. Our results and those 
of others$1?7? suggest that invasion of the myo- 
cardium is associated with an increased mortality. 

Mortality elso varies with the time of onset of 
prosthetic valve endocarditis; most reports empha- 
sise that prognosis is better in late prosthetic valve 
endocarditis? 19121? than in early infection.!! 29 ?1 
This difference may be attributed to the predomi- 
nance of streptococcal infection in late prosthetic 
valve endocarditis and the more pathogenic 
organisms seen in early prosthetic valve endo- 
carditis, to immediate recovery from the operation, 
and to altered host resistance produced by the pump 
oxygenator.?* ?? Neurological complications are an 
important cause of mortality and morbidity.5 
Twenty five of the 33 deaths reported by Masur and 
Johnson were attributed to cardiac causes and eight 
to central nervous system events. * 

Operation has dramatically improved the progno- 
sis of prosthetic valve endocarditis. Gardner et al 
combined the results of treatment for prosthetic 
valve endocarditis of three published series and 
demonstrated a higher survival rate with combined 
valve replacement and antibiotic treatment com- 
pared with medical treatment alone.?* Stinson et al 
successfully treated 12 of 17 patients with active 
prosthetic valve endocarditis by combined valve 
replacement and antimicrobial treatment; operative 
mortality was 2495.25 These investigators recom- 
mend intervention irrespective of the stage of 
endocarditis. 

Medical treatment alone should be used only in 
cases of prosthetic valve endocarditis caused by anti- 
biotic sensitive micro-organisms, with unimportant 
or no prosthetic dysfunction, and when congestive 
heart failure and embolic events are absent.?? Early 
operation combined with antibiotic treatment 
should be considered in all other cases. 25 The main 
indications for operation are listed below: (a) Con- 
gestive heart failure with coexistent prosthetic dys- 
function that does not respond to medical treat- 
ment.'??7 (b) Persistent sepsis after 7-10 days of 
appropriate antibiotic treatment or relapse after - 
appropriate treatment or when fungal endocarditis is 
diagnosed. (c) Occurrence of an arterial embolus 
when echocardiography demonstrates residual 
vegetations’? or in the absence of abnormal echo- 
cardiographic findings when more than one arterial 
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embolus occurs, or the presence of a single embolus 
which if exacerbated by a further embolic insult 
might result in irreversible neurological dam- 
age.£1219 (d) Conduction system abnormalities 
almost always indicate an annular abscess with 
extension to the septum!? and such lesions do not 
respond to medical treatment.!? ?9 (e) The appear- 
ance of new murmurs caused by fistulas into the 
right heart or pericardium or by septal rupture.?° 


Conclusion 
. The high mortality in prosthetic valve endocarditis 


- is mainly the result of congestive heart failure which 
is usually caused by prosthetic valve dysfunction. 


Mortality in early and late prosthetic valve endo-- 


carditis is reduced by prompt surgical intervention 
and adequate antibiotic treatment. 
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Case reports 





Rupture of a saphenous vein bypass graft during 


coronary angioplasty 


ERIC DRUMMER, KEVIN FUREY, JAY HOLLMAN 
From the Cleveland Clinic Foundation, Cleveland, Ohio, USA 


SUMMARY A self-limited rupture of a five month old, saphenous vein bypass graft occurred ` 
during coronary angioplasty when the balloon used to stretch the vessel proved to be too large. 
A lack of fibrous tissue in the new graft may have predisposed it to rupture. 


Percutaneous transluminal coronary angioplasty 
has been used to treat obstructions of the saphenous 
vein graft anastomosis or of the vein body itself.! ^5 
Rupture and perforation of coronary arteries during 
angioplasty is rare.9^!! Rupture or perforation of 
saphenous vein bypass grafts bas not been 
described. We report a case of rupture of a saphe- 
nous vein bypass graft during percutaneous trans- 
luminal coronary angioplasty. 


Case report 


This 47 year old hypertensive man had first com- 
plained of angina pectoris five years before per- 
cutaneous transluminal coronary angioplasty. The 
angina was progressive and eventually chest pain at 
rest developed. This was relieved by nitrates. The 
patient then underwent coronary artery bypass 
surgery to the left anterior descending artery, right 
coronary artery, and circumflex coronary artery. He 
did well until angina recurred a month before the 
present admission. Initially, he only had angina with 
moderate exertion, but this progressed to episodes 
during minimal exertion and at rest. Repeat cardiac 
catheterisation demonstrated that the grafts to the 
circumflex and right coronary arteries were widely 
patent. The saphenous vein graft to the left anterior 
descending artery had a long segment of smooth 
narrowing of 95-99% with slow anterograde filling 
of the distal native left anterior descending artery 
(fig 1). 

Angioplasty was attempted with a 9 French El 
Gamal guiding catheter and a 4mm USCI low 
profile balloon (United States Catheter and Instru- 
ment Corporation, Billerica, MA). The balloon was 


Requests for reprints to Dr Jay Hollman, Cleveland Clinic 
Foundation, 9500 Euclid Avenue, Cleveland, OH 44106, USA. 


78 


passed over a 0-018 inch high torque floppy ACS 
guide wire (Advanced Cardiovascular Systems, 
Mountain View, CA). There was no difficulty nego- 
tiating the obstruction and in passing the guide wire 
to the distal portion of the left anterior descending 
coronary artery. The balloon was then inflated four 
times to a maximum pressure of 8 atmospheres for a 
maximum of 60 seconds. At 8 atmospheres, the ratio 
of the inflated balloon to the distal artery was 1:22/1, 
and the balloon slightly overdistended the distal 
vein. During balloon inflations the patient had tran- 
sient angina pectoris associated with 1mm ST seg- 
ment depression in lead V5. The initial transstenotic 
gradient across the lesion was 60mm Hg and this 
was reduced to 4mm Hg after coronary angioplasty. 
After the last balloon inflation the patient continued 
to have mild residual chest discomfort which was 
unlike his angina pectoris. T'his was not associated 
with any ST segment changes on his electro- 
cardiogram. After removal of the balloon, angio- 
grams revealed that the area of the saphenous vein 
graft obstruction was widely patent with slight 
residual narrowing. There was extravasation of con- 
trast material outside the wall of the vein, however, 
which continued proximally in a linear fashion along 
the vein in a sinus tract (fig 2). Repeat fluoroscopic 
examination of this area showed that the dye 
remained in this extraluminal area for the 45 minute 
observation period in the laboratory. The patient’s 
blood pressure and heart rate remained stable and a 
Swan-Ganz catheter was inserted to monitor hae- 
modynamic variables: initial pulmonary artery pres- 
sure 16/6 mm Hg (mean 8 mm Hg); mean pulmonary 
capillary wedge pressure 2mm Hg; and mean right 
atrial pressure 1 mm Hg. The patient was trans- 
ferred to the cardiac care unit for continued moni- 
toring. The patient did well and had no appreciable 
increase in his right heart pressures and no 


Rupture of a saphenous vein bypass graft during coronary angioplasty 7 


Fig! 
anterior descending coronary artery. There was severe narrowing in the vein just before the distal anastomosis and sloto 
anterograde filling of the distal left anterior descending coronary artery. 


important change in vital signs. Repeat fluoroscopy 
the next day did not show residual contrast material 
at the area of the extravasation. At no time did any 
signs of cardiac tamponade develop. The patient's 
non-anginal chest pain resolved approximately two 
to three hours after the procedure and he was dis- 
charged from the hospital on the third hospital day. 
Four months after angioplasty he is active and free 
of angina. 


Discussion 


'The most common coronary vascular complications 
of angioplasty are dissection, acute occlusion, and 
spasm. A recent series of patients indicates that this 
occurs in approximately 5°,, of cases.^ * Perforation 
of the native coronary arteries is rare, but it has been 
described in several case reports.’°~ '' Perforation 
was usually caused by passage of a guide wire into a 
false channel and this can cause cardiac tamponade 





Angiogram in the left anterior oblique projection with cramiocaudal angulation showing saphenous vetn graft to the left 


or may not have any adverse effects. Rupture of the 
native coronary artery after safe passage of the bal 
loon is rare. It has been reported twice.” ° In bott 
cases rupture of the coronary artery was thought t 
have been caused by the use of a balloon that was too 
large for the size of the artery. When a small diag 
onal vessel was affected the clinical course was not 
life threatening,’ but balloon rupture of a domi 
nant right coronary artery resulted in pericardial 
tamponade, progressive hypotension, and death 

In our case a five month old saphenous vein graft 
was ruptured. Rupture was self-limited and had no 
adverse outcome. The ratio of the inflated balloor 
diameter to the vessel diameter was 1:22/1. The 
diameter of the inflated balloon was not too large for 
the size of the distal artery or for dilatation of native 
arteries.!? Dorros has proposed the use of 4-2 and 
5:0mm balloons in saphenous vein angioplasty to 
reduce the recurrence rate.' This vein graft had 
only been in place for five months, however. It is 
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Fig2 Angiogram in the left anterior oblique projection with craniocaudal angulation obtained after angioplasty. There was 


Drummer, Furey, Hollman 





mw 


m" 





E 


slight residual narrowing in the area of obstruction and extravasation of dye outside the wall of the vein, which appeared to 


travel along the vein in a sinus tract. 


known that fibrosis of the walls of a vein graft takes 
time to develop.'* The longer the vein graft is in 
place, the greater the replacement of smooth muscle 
cells by fibrous elements in the media and adventitia. 
If fibrosis of the vein has not had time to develop, 
the vein may be more susceptible to rupture if a 
large balloon is used. 

The presence of chest pain and the absence of 
extensive haemorrhage into the chest are two other 
interesting aspects of this case. The constancy of the 
pain in the absence of electrocardiographic changes 
suggests that it originated in the pericardium or 
arterial wall. Pericarditic chest pain sometimes fol- 
lows angioplasty.'* Even in the absence of arterial 
perforation, patients may show arterial haemorrhage 
over the dilated native arteries at subsequent oper- 
ation for elective or emergency bypass surgery. Pre- 
sumably, this haemorrhage can cause pericardial 
irritation and pericarditic chest pain. 

The patient showed no signs of pericardial tam- 


ponade or extensive blood loss despite clear rupture 
of the vessel. The dye appeared to be contained in a 
tissue sac surrounding the vein. This presumably 
was connective tissue; such tissue is often seen at 
reoperation, densely adhering to the vein structure. 
In this patient it must have prevented tamponade or 
serious intrathoracic haemorrhage. 
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Spontaneous resolution of a dissection of the 
descending aorta after medical treatment with a 
p blocker and a calcium antagonist 


'TATSUO HOSHINO, MINORU OHMAE, AKIRA SAKAI 


From the Second Department of Internal Medicine, Kansai Denryoku Hospital, Fukushima-ku, Osaka, Japan 


SUMMARY A 58 year old man experienced an attack of squeezing chest pain. A contrast enhanced 
computed tomographic scan showed acute dissection of the descending aorta. Treatment with 
metoprolol and nicardipine kept his blood pressure below 130/90 mm Hg while he was supine at 
rest and after walking. Serial contrast enhanced computed tomographic scans showed 
opacification of the false lumen (which was not opacified initially) on the 42nd day; moderate 
regression of the false lumen on the 67th day, and resolution of the false lumen on the 266th day. 

This is the first in vivo demonstration of spontaneous resolution of aortic dissection detected by 
serial contrast enhanced computed tomographic scans. 


Healing of an aortic dissection, particularly when 
thrombosis and organisation have obliterated the 
dissected segment, is rare and there are only a few 
necropsy reports of this finding.’ Computed tomog- 
raphic scanning has recently enhanced the rapidity 
and accuracy of diagnosis of aortic dissection.? * 
We report the first case in which spontaneous reso- 
lution of the false lumen of aortic dissection was 
demonstrated in life by serial contrast enhanced 
computed tomographic scans after medical treat- 
ment with a fi blocker and a calcium antagonist. 


Case report 


A 58 year old man suffered from an attack of squeez- 
ing chest pain in the morning while he was working 
in his garden. His blood pressure was 220/180 
mm Hg. A dull chest pain persisted for more than a 
week after the attack. A contrast enhanced computed 
tomographic scan on the 13th day disclosed an acute 
dissection of the descending aorta to a level near the 
origin of the renal arteries. The false lumen was not 
opacified (fig 1). A chest x ray showed a wide aortic 
shadow. The electrocardiogram was normal. Rou- 
tine laboratory tests were unremarkable except for a 
high erythrocyte sedimentation rate. He was exam- 
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ined repeatedly by computed tomographic scans and 
chest x rays His blood pressure while supine at rest 
and after walking was maintained below 130/90 
mm Hg with metoprolol and nicardipine. He was 
free from chest pain soon after the start of this treat- 
ment. A contrast enhanced computed tomographic 
scan on the 42nd day showed that the false lumen 
was opacified to the same degree as the true lumen. 
Another scan on the 67th day revealed moderate 
regression of the false lumen. On the 266th day a 
contrast enhanced computed tomographic scan 
showed resolution of the false lumen with a thin 
residual thrombi in the dissected aortic wall (fig 2). 
A concomitant chest x ray showed that since the ini- 
tial examination there had been a decrease in the 
width of the aortic shadow and the thickness of the 
aortic wall measured from the calcific intima to the 
outer margin of the aortic shadow. The high eryth- 
rocyte sedimentation rate declined gradually over 
the nine month period. A contrast enhanced com- 
puted tomographic scan and a chest x ray were 
unchanged a year later. 


Discussion 


Healing of aortic dissection is usually said to have 
occurred when the false lumen is endothelialised and 
communicates with the true lumen at both its origin 
and termination, forming a so called double aorta. 
Many cases of such a healing have been found at 


Spontaneous resolution of a dissection of the descending aorta after medical treatment 





Fig ! 


and (b) a slice at a level about 6 cm below (a 


Contrast enhanced computed tomographic scan of the thorax on the 13th day showing acute dissectior 
of the descending aorta. The false lumen is not opacified. 


a) Slice imaged at a level near the aortic arch 


ASC AO, ascending aorta; DES AO, descending aorta 


PA, pulmonary arteries; arrowhead indicates false lumen 





Fig 2 


Contrast enhanced computed tomographic scan of the thorax on the 266th day. (a) 


and (b) are the 


same views as described in fig 1. Resolution of the false lumen, with thin residual thrombi in the dissected 


segment, is evident. 


necropsy.’ Healing produced by obliteration of the 
dissected segment by thrombosis and organisation is 
rare; there are only a few reports of this finding at 
necropsy.’ ° We believe this to be the first in vivo 
demonstration of the spontaneous resolution of the 
false lumen of aortic dissection. The resolution was 
detected by serial contrast enhanced computed 
tomographic scans. Such scans are a rapid and accu- 
rate method of diagnosing aortic dissection? * and 
seem to be more suitable than angiography for 
repeated follow up of patients with aortic dissection. 

Medical treatment with a // blocker and a vaso- 
dilator to maintain blood pressure within normal 
limits and a suppressed cardiac inotropic state has 


been advocated in patients with uncomplicated 
section of the descending aorta.* " Maintenarx 
normal and stable blood pressure, which in our 


was achieved with a $ blocker and a calcium antago 
nist, seems to have played a major role in the resolu 


tion of the false lumen. Location of the 
may also have had a favourable effect on such a 
ing. Dissection of the descending thoracic aorta usi 


ally produces a false lumen behind and tí the left o 


the true lumen,? whereas in this case the false h 
lay behind and to the right of the true h 
spinal column may have acted as a buttress and 1 
have prevented excessive expansion and rupturi 
the false lumen. 


men 





false lumer 
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British Cardiac Society 


The Autumn Meeting will be held at the Wembley 
Conference Centre, London; on 24 to 26 November 
1987, and the closing date for receipt of abetract 
will be 10 July 1987. 

The Annual General Meeting for 1988 will ake 
place in Belfast on 23 and 24 March 1988, and the 
closing date for receipt of abstracts will be 4 January 
1988. 


- Interventional cardiology 


An International Workshop on Future Directions in 
Interventional Cardiology, sponsored by the Ameri- 
can College of Cardiology, with Santa Barbara Heart 
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and Lung Institute at Goleta Valley Community 
Hospital, will be held in Santa Barbara on 25 to 27 
September 1987. Further information from: Ms Lan 
Nguyen/1638A, Extramural Programs Department, 
American College of Cardiology, 9111 Old 


“Georgetown Road, Bethesda, Maryland 20814, 


USA. 


Cardiac Doppler and color flow imaging 


An International Conference on Cardiac Doppler 
and Color Flow Imaging will be held in Dubrovnik 
on 29 May to 2 June 1988. Inquiries to Dr Nikša 
Drinkovic, Department of Cardiovascular Diseases, 
University Hospital Centre Rebro, Kišpatićeva 12, 
41000 Zagreb, Yugoslavia. 
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Transluminal angioplasty of a stenosis of an internal 


mammary artery graft 


Sir, 

In a recent paper (1986;56:473-5) Crean etal 
reported successful dilatation of the anastomotic 
stricture of an internal mammary artery graft. They 
stated that “early and late stenoses develop with a 
similar aetiology to those in vein grafts”. This is not 
the conclusion of the study they quote.! On page 255 
of the cited article it says “Failure of mammary 
grafts, early or late, was so infrequent that deter- 
minants of stenosis or occlusion could not be 
identified". 

We would also like to point out that several recent 
reports suggest that an early anastomotic stricture is 
not due to atherosclerosis but is a surgical compli- 
cation of suture technique.’  * 


Ram N Singh, 

Rais A Beg, 

St Vincent Charity Hospital, 
Cleveland, Ohio, 

USA. 


Julio A Sosa, 

Albany Medical College, 
Albany, New York, 
USA. 


References 


1 Lytle BW, Loop FD, Cosgrove DM, Ratliff NB, Easley 
K, Taylor BC. Long term serial studies of interna! 
mammary artery and saphenous vein coronary 
bypass grafts. J Thorac Cardiovasc Surg 1985; 
89:248—58. 

2 Kereiakes DJ, George B, Stertzer SH, Myler RE. Per- 
cutaneous transluminal angioplasty of left internal 
mammary grafts. dm J Cardiol 1985;5$:1215-6. 

3 Zaidi AR, Hollman JL. Percutaneous angioplasty of 
internal mammary artery graft stenosis: case report 
and discussion. Cathet Cardiovasc Diagn 1985,11: 
603-8. 

4 Steffenino G, Meier B, Finci L, von Segesser L, 
Velebit V. Percutaneous transluminal angioplasty of 
right and left internal mammary artery grafts. Chest 
1986;6:849—51. 


Long term improvement in global left ventricular 
function after early thrombolytic treatment in acute 


myocardial infarction 


Sir, 

We were interested to read the report of long term 
improvement in global left ventricular function after 
early thrombolytic treatment in acute myocardial 
infarction by Res et al (1986;56:414—21). They noted 
that the improvement in left ventricular ejection 
fraction (995) after thrombolysis was greater in 
patients who had sustained an anterior infarction 
than in those with inferior infarctions. They claimed 
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then this was due to photon attenuation. Because 
this difference between anterior and inferior 
infarction has been reported by other groups includ- 
ing ourselves! it is worth examining the question of 
photon attenuation more closely. 

Res et al used the theoretical calculations of Yeh 
and Yeh? as a basis for their statement; however Yeh 
and Yeh examined why the ejection fraction mea- 
sured by radioisotope methods gave a lower value 
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than that measured by contrast ventriculography. 
The larger the heart the greater the photon attenu- 
ation and events in the posterior wall are subject to 
greater attenuation than events in the anterior wail. 
Nevertheless, the overall effect on the calculation of 
ejection fraction was small (<5°%,) and Yeh and Yeh 
did not assess the influence of abnormal wall move- 
ment. 

Schneider etal examined the effects of regional 
hypokinesis in heart model studies. 'They concluded 
that with anterior hypokinesis the ejection fraction 
was underestimated but with posterior hypokinesis 
ejection fraction was overestimated.? They sug- 
gested that the effects of regional hypokinesis on 
ejection fraction could be corrected by considering 
differential count attentuation but they cautioned 
that their heart model was a worst case example, 
since anterior and inferior hypokinesis do not occur 
in a strict anterior or posterior projection. In the 
heart model the effects were greatest when left ven- 
tricular volume was large and ejection fraction was 
low. This would not be the case in inferior 
infarction. 

Knowledge of data from contrast ventriculo- 
graphy* means that Res etal could examine this 
point more precisely by presenting the correlation 
between the contrast and radionuclide ventriculo- 
grams. 

Res et al raise an important issue and their expla- 
nation may indeed be correct. The radionuclide 
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method may fai! to measure an improvement in ven- 
tricular function after streptokinase treatment if suc- 
cessful treatment reduces posterior wall hypokinesis 
resulting in a smaller overestimation of ejection frac- 
tion. There are important implications for other 
studies that use radionuclide data and this hypothe- 
sis deserves close examination. 
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Uncertainties about interpretation of ventricular 
stimulation studies in patients with 
Wolff-Parkinson-White syndrome 


KILLIAN ROBINSON, DENNIS M KRIKLER 


From the Division of Cardiovascular Disease, Royal Postgraduate Medical School, London 


~ 


Arrhythmia is common and important in the 
Wolff-Parkinson-White syndrome, and indeed 
many would agree that both pre-excitation and 
supraventricular arrhythmia are essential features of 
the classical expression of this syndrome. Reentrant 
atrioventricular tachycardia is the most commonly 
encountered arrhythmia in the syndrome, but atrial 
fibrillation and to a lesser extent flutter are seen in 
10-32% of patients.’ Independent, coincidental 
arrhythmias, such as intranodal reciprocating tachy- 
cardia, are unusual.? There is of course the fear of 
ventricular fibrillation? *; and a small risk of sudden 
death has been reported.? ^? 

In this issue of the British Heart Journal (,p. 89), 
Brembilla-Perrot and her colleagues examine the 
occurrence of ventricular tachycardia in the Wolff- 
Parkinson-White syndrome. They compared the 
electrophysiological findings in 46 patients with pre- 
excitation with those in 36 controls in whom there 
was no evidence of pre-excitation. Programmed 
stimulation induced ventricular tachycardia in 37% 
of patients with pre-excitation and in 3% of the con- 
trols. The problem in the Wolff-Parkinson-White 
syndrome is not, however, ventricular tachycardia 
but rather ventricular fibrillation. 

Clinically significant spontaneous ventricular 
tachycardia is rare in the pre-excitation syndrome: 
only one case was noted in each of two series of 139 
and 163 patients? ": and another review of reported 
cases of pre-excitation also found that this arrhyth- 
mia was uncommon.® When spontaneous ventricu- 
lar tachycardia occurs it seems to be associated with 
underlying heart disease. Furthermore, when 
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ventricular fibrillation complicates the Wolf- 
Parkinson- White syndrome it is usually preceded by 
atrial fibrillation and not by ventricular tachycardia. 
Non-sustained multiform ventricular tachycardia is 
often observed at electrophysiological study and 
may be induced in normal individuals if the stimu- 
lation protocol is sufficiently aggressive. ^ With the 
protocol used in the current study, and in that of 
Milstein et a/,!! however, the expected frequency of 
induced ventricular tachycardia would be low, per- 
haps 0-794? or 39,.? 

Nevertheless, there are now two studies, the 
present one and that of Milstein et a/,'' which show 
that inducible ventricular tachycardia is more com- 
mon in patients with the Wolff-Parkinson- White 
syndrome than in control groups. The question 
whether this feature is a further non-specific, but 
sensitive, indicator of the risk of ventricular 
fibrillation will only be resolved by long term follow 
up and knowledge of other possible risk factors, such 
as a history of both reciprocating tachycardia and 
atrial fibrillation with short maximally pre-excited 
RR intervals. On its own, however, the importance 
of inducible ventricular tachycardia is doubtful 
because the frequency of sudden death in the pre- 
excitation syndrome is not even remotely near 37 
in clinical experience it is rare, and it was 
encountered in one review.'* 

How do these findings affect the management of 
patients with the Wolff-Parkinson-White syr 
drome? The answer is hardly at all. From a clin 
standpoint, decisions will continue to be 
either on symptoms or on the presumed risk of ven- 
tricular fibrillation as assessed by the anterograde 
conduction properties of the accessory pathway.’ * 
From the epidemiological point of view, as various 
forms of treatment, including surgical ablation of 
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the accessory pathway, reduce the number of 
patients with the Wolff-Parkinson-White syndrome 
considered to be at high risk, it will become impos- 
sible to evaluate any dangers of susceptibility to 
inducible ventricular tachycardia and its relation to 
other high risk factors for sudden death. This may 
be for the best as, whatever the shortcomings of 
assessing risk from the conduction properties of the 
accessory pathway, there will be endless problems, 
both medical and socioeconomic, if too much weight 
is placed on non-specific ventricular responses to 
programmed stimulation. Indeed, in a recently 
published consensus statement there was no agree- 
ment about the value of programmed stimulation 
in the identification of ventricular tachycardia 
(save in specific circumstances), and in the 
Wolff-Parkinson-White syndrome it was proposed 
that very rigid criteria, including drug-refractory 
arrhythmia, must be fulfilled before routine 
study is warranted.!ó Longevity in the Wolff- 
Parkinson-White syadrome is by no means rare!? 
and one should be very careful before deducing high 
risk from the results of invasive studies, in the face of 
clinical experience. 

This having been said, the results presented by 
Brembilla-Perrot and her colleagues will be studied 
with interest and taken into account by those per- 
forming electrophysiological studies in patients 
with the Wolff-Parkinson-White syndrome. It 
should not take long to assess whether ventricular 
stimulation of this sort is relevant to the 
Wolff-Parkinson-White syndrome; this will give us 
more confidence in the management of our patients 
with this syndrome. If the clinical relevance of what 
Brembilla-Perrot et al say turns out to be highly lim- 
ited, it will provide further reassurance about the 
management of the vast majority of patients with 
this disorder. 
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Inducible multiform ventricular tachycardia in 
Wolff-Parkinson-White syndrome 


B BREMBILLA-PERROT, A TERRIER pe LA CHAISE, K ISAAZ, F MARGON, 
F CHERRIER, C PERNOT 


From the Department of Cardiology, Brabois University Hospital, Vandoeuvre les Nancy, France 


SUMMARY The induction of ventricular tachycardia by ventricular stimulation was investigated 
in 46 patients with isolated Wolff-Parkinson-White syndrome (10 concealed) and 36 control 
patients with normal electrocardiograms and conduction systems. None of those studied had 
spontaneous ventricular arrhythmias or myocardial or valve disease. Single and double ventricu- 
lar extrastimuli were delivered at 3 cycle lengths (sinus, 600 ms, 400 ms). In the controls ventric- 
ular simulation induced one episode (3%) of non-sustained ventricular tachycardia. Ventricular 
stimulation in patients with Wolff-Parkinson-White syndrome induced two episodes of ventricu- 
lar fibrillation and 15 episodes of non-sustained multiform ventricular tachycardia (37%). Ven- 
tricular arrhythmias were induced only in patients with overt Wolff-Parkinson- White syndrome. 
In 14 patients the conformation of the electrocardiogram at the start of ventricular tachycardia 
resembled that of major pre-excitation. The absence of inducible ventricular tachycardia in 
patients with concealed Wolff-Parkinson-White syndrome suggests that anterograde conduction 
via an atrioventricular accessory pathway is required to initiate the ventricular arrhythmias: the 
ventricular tachycardia may be associated with reentry of impulses via atrioventricular con- 
nection during the phase of ventricular vulnerability. The similarity between the start of ventric- 
ular tachycardia and pre-excitatory complexes may also indicate local reentry into the ventricular 
area occupied by the bypass tracts. 

Patients with Wolff-Parkinson-White syndrome and anterograde pre-excitation are more 
likely to have inducible multiform ventricular tachycardia than individuals without 
Wolff-Parkinson-White syndrome. 


Patients with Wolff-Parkinson-White syndrome Patients and methods 
may present with syncope which is often assumed to 
be related to atrial fibrillation with a rapid ventricu- PATIENTS 
lar response caused by conduction through an atrio- We studied 46 patients with the Wolf- 
ventricular connection. Ventricular tachycardia has — Parkinson- White syndrome (28 men and 18 women, 
also been regarded as the probable cause of neu- aged 8 to 62 years (36 (14))). Wolff-Parkinson- White 
rological symptoms in patients with ventricular pre- syndrome was diagnosed in 36 patients who had the 
excitation.! typical delta wave recorded in electrocardiograms 
We have compared the occurrence of ventricular taken during sinus rhythm. Ten patients had an 
tachycardia induced by programmed electrical stim- accessory pathway that conducted only in the retro- 
ulation in patients with Wolff-Parkinson-White syn- grade direction. Electrophysiological studies were 
drome with that in control patients. performed to measure the . Tective refractory period 
E i M S ! of the bypass tracts or the mechanism of paroxysmal 
ehuests for reprints to Dr B Brembilla-Perrot, Department of junctional tachycardia. Twenty four hour Holter 
aoe Hôpital de Brabois, 54500 Vandoeuvre les Nancy, monitoring and exercise test had established the 
absence of spontaneous ventricular arrhythmias. No 
Accepted for publication 17 February 1987 evidence of ischaemic, myocardial, valvar, hyper- 
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tensive, or congenital heart disease was found in any 
of the patients by examination, chest x ray, cross 
sectional echocardiography, or coronary angio- 
graphy (in men who were 250). Seventeen patients 
presented with dizziness or syncope. 

We also studied 36 control patients (20 men and 
16 women, aged 18 to 80 years (47(17))). None of 
the controls had Wolff-Parkinson-White syndrome 
or ventricular arrhythmias on Holter monitoring. 
The case history, physical examination, chest x ray, 
electrocardiogram, echocardiography, and electro- 
physiological study established that none of the con- 
trol patients had underlying heart disease. Eleven 
control patients had an electrophysiological exam- 
ination to investigate the cause of syncope which was 
later found to be related to a non-cardiac cause, and 
25 had it to evaluate paroxysmal sinus bradycardia 
or first degree atrioventricular block which were 
reversed by atropine. 


ELECTROPHYSIOLOGICAL TESTING 

All patients were studied in the non-sedated post- 

absorptive state after they had given their informed 

consent. The right heart was catheterised via the 
femoral vein with three 6 or 7 French multi- 
electrode catheters. Electrograms were routinely 
recorded from the right atrium, atrioventricular 
junction (His bundle electrogram), and distal coro- 

nary sinus. Surface electrocardiographic leads I, III, 

V1, V6, and intracardiac electrograms were 

recorded at paper speed of 25 and 100mm/s on a 

Siemens multi-channel oscilloscopic recorder. 

Pacing stimuli were given by a programmable stim- 

ulator (Medtronic 1325) for 1:8s at a strength that 

was approximately twice the diastolic threshold. 

The following electrophysiological variables were 

measured during the study: 

(a) AH and HV basic intervals. 

(b) Anterograde atrioventricular conduction, 
assessed by atrial pacing at incremental rates 
until second degree atrioventricular block 
occurred. 

(c) The refractory periods of the anterograde con- 
duction system determined by extrastimuli 
techniques; premature atrial stimulation (A/2) 
was introduced during sinus rhythm and during 
driven atrial rhythm at a cycle length of 600 ms. 

(d) Retrograde ventricular atrial conduction 
assessed by ventricular pacing at an incremental 
rate up to 200 beats/min. 

(e) In patients with Wolff-Parkinson-White syn- 
drome in whom atrial fibrillation had not been 
induced by any of the preceding procedures 
rapid atrial pacing was performed until atrial 
fibrillation was induced. 

(f) Programmed ventricular stimulation was given 


at the apex and, in some patients, at the 
infundibulum of the right ventricle. It was per- 
formed as follows: single premature ventricular 
extrastimulus (S2) was introduced in late 
diastole during sinus rhythm and paced cycle 
lengths (S1—S2 intervals of 600 and 400 ms) and 
the interval was shortened until the ventricle 
became refractory. Double ventricular extra- 
stimuli (S2 and S3) were introduced during 
sinus rhythm and during paced cycle lengths 
starting with an S1-S2 interval that was 10-20 
ms longer than the ventricular refractory 
period; the $2-S3 interval was shortened until 
S3 did not depolarise the ventricles. 

The reproducibility of the initiation of ventricular 
tachycardia (except for induced ventricular 
fibrillation) was assessed by performing the stimu- 
lation on three occasions after an interval of a few 
minutes. 


DEFINITIONS 
The following definitions were used: 

Sustained ventricular tachycardia—This lasted for 
more than | minute or required termination by pro- 
grammed ventricular stimulation or cardioversion 
before that time. 

Non-sustained ventricular tachycardia—A run of 
at least five consecutive ventricular complexes which 
terminated spontaneously in <60s. 

Multiform ventricular tachycardia—V entricular 
tachycardia with an unstable (continuously varying) 
QRS complex configuration recorded in any electro- 
cardiographic lead. 

Repetitive ventricular response—One to four intra- 
ventricular reentries. 

Concealed accessory atrioventricular connection 
was diagnosed during reciprocating tachycardia if 
one of the following criteria was satisfied: 

(a) Demonstration of eccentric activation by endo- 
cardial catheter mapping. 

(b) If premature ventricular depolarisation during 
reciprocating tachycardia when the bundle of 
His was refractory caused pre-excitation of the 
atrium. 


Results 


RESPONSES TO PROGRAMMED VENTRICULAR 
STIMULATION 

Ventricular tachycardia was induced in 17 (37%) of 
the 46 patients with Wolff-Parkinson-White syn- 
drome and in only one of the 36 control patients 
without  Wolff-Parkinson-White syndrome. In 
patients with Wolff-Parkinson-White syndrome all 
the ventricular tachycardias were multiform, rapid 
(cycle length 150 to 200 ms), and they could be 
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reproduced by repeat testing. The diagnosis of ven- 
tricular tachycardia was based on the absence of His 
bundle deflection preceding the complexes of ven- 
tricular tachycardia and the existence of complete 
atrioventricular dissociation during ventricular 
tachycardia 1n all patients (fig). 

Fifteen ventricular tachycardias were non- 
sustained. Two were ventricular fibrillation and 
required cardioversion to stop them. Ventricular 
arrhythmia was induced in 15 patients by the intro- 
duction of two ventricular extrastimuli during paced 
cycle length and in two patients by the introduction 
of two ventricular extrastimuli during sinus rhythm. 
The configuration of the beginning of ventricular 
tachycardia was similar to major ventricular pre- 
excitation in 14 patients (fig); this similarity was 
noted for the first, the second, or the third complex. 
All these ventricular arrhythmias were induced in 
patients with overt Wolff-Parkinson-White syn- 
drome; ventricular tachycardia was not induced in 
patients with a concealed accessory pathway. 

In the control group, only one episode of non- 
sustained, multiform ventricular tachycardia was 
induced by the S1, S2, S3 technique. 

Intraventricular reentry was induced in 21 
patients with Wolff-Parkinson-White syndrome and 
in 20 control patients. i 
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CORRELATIONS BETWEEN CLINICAL AND 
ELECTROPHYSIOLOGICAL FINDINGS AND 
INDUCIBILITY OF MULTIFORM VENTRICULAR 
TACHYCARDIA IN PATIENTS WITH THE 
WOLFF-PARKINSON-WHITE SYNDROME 

Tables 1 and 2 summarise the results. The 17 
patients who had inducible ventricular tachycardia 
were not statistically different in terms of age 
(31(14) vs 38(14)), sex, or location of the atrio- 
ventricular connection from the 29 patients in whom 
ventricular arrhythmia was not induced (table 2). 

The occurrence of dizziness or syncope was simi- 
lar in both groups. In the ten patients with syncope 
and without inducible ventricular tachycardia, how- 
ever, syncope could be explained by a short refrac- 
tory period in the Kent bundle in three patients, 
carotid sinus hypersensitivity in four patients, and 
associated conduction disturbances in tWo patients. 
One patient had unexplained syncope. In the seven 
patients with syricope and inducible ventricular 
tachycardia, three iad syncope associdted with à 
short Kent bundle refractory period and in four the 
cause of the syncope was not known. 

The occurrence of atrial fibrillation or flutter was 
not statistically different in the two groups; how- 
ever, atrial fibrillation was móré common in patients 
with inducible ventricular tachycardia (5/17 (29%)) 


Figure Electrocardiogram obtained during programmed ventricular si$mülation in a patient 

(case 10) with type A Wolff-Parkinson-Winte syndrome. Orie atrial premature extrastimulus ( left) 
caused d major pre-excitátion complex. Ventricular extrastimuh (81, S2, S3) induced a multform 
ventricular tachycardia which degenerated into ventricular fibrillation (panel 2}; the first complexes 
resemble those of pre-excitaton complexes A ST, atrial stimulation; V ST, ventricular stimulation; 
H BB, His bundle electrogram; RA, right atrium; LA, left atrum; D1, V1; D3, V6. 
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Table1 Data on patients and their electrophysiological characteristics 








Induced 
ventricular 
Shortest PCL arrhythmia 
ade Shortest R-R mth 1:1 and number 
Locanon ERP of AP during atrial retrograde Induced of 
of at PC. SV ventricular 
Patient Age (yr) Symptoms pathway (600 ms} (ms) (ms) arrhythmia reentries 
1 25 D-T S 280 375 430 AF NSVT tU 
2 36 S L 450 375 350 AF NS VT (12) 
3 29 T L 250 260 <300 PJT~AF NSVT (7 
4 59 S-T S 350 750 315 PIT NSVT a 
5 32 T R 230 350 «300 PJT NS VT (11 
6 22 T L 500 > 600 <300 P NS VT (7) 
7 42 T S 290 545 «300 P NS VT 3 
8 15 S-T S 210 170 «300 PJT-AF NS VT (11 
9 56 T L 240 250 <300 P 
10 15 D-T L 230 330 <300 P 
11 8 0 R 230 230 «300 P. NS VT (62) 
12 15 D S 330 545 «300 à P NS VT f 
13 34 0 S 350 315 350 PJT NS VT (11 
14 39 D S 220 220 <300 PJT-AF VT 
15 25 T L 330 250 <300 PJT-AF NSVT (6 
16 32 T L 240 200 «300 DIT AF NS VT (14) 
17 47 T L 280 600 «300 P. NS VT 
18 21 T R 230 210 «300 PJT-AF — 
19 31 0 R+S 300 375 350 P — 
20 40 0 R 380 285 400 P 3 
21 50 T L 340 400 300 PJT 1 
22 27 X L 200 180 «300 PJT-AF 3 
23 24 T L 400 1000 <300 PJT 3 
24 37 0 S 300 400 600 — 2 
25 40 D S 180 250 «300 PJT — 
26 57 S-T L 600 1000 300 PIT 1 
27 33 S S 450 375 330 — — 
28 33 S L 600 1000 375 PJT 3 
29 55 S-T L 210 250 <300 PJT — 
30 35 0 S 400 1000 460 — — 
31 15 0 S 200 300 «300 — — 
32 39 0 S 250 260 «300 PJT-AF 3 
33 25 S-T S 240 270 400 AF 3 
34 67 S-T L 310 285 «300 P. 1 
35 22 T L 500 600 «300 P. 2 
36 25 S S 550 1000 375 — — 
37 29 T L — 330 PIT 1 
38 29 T L Concealed — 430 PJT 3 
39 54 T L Concealed — 330 P. 3 
40 62 D-T L Concealed — 315 PJT-AF 1 
41 39 T L Concealed — «300 P 2 
42 58 T L Concealed = 330 P 0 
43 37 T L Concealed — 460 PJT 1 
H 28 D-T S Concealed — <300 PJT 2 
45 47 T S Concealed — 333 PIT 2 
46 32 T L Concealed — 300 PJT 2 
: L, left lateral; R, right lateral; S, septal. Anterograde ERP of AP 


Sym toms: D, dizziness, S, syn deser , tachycardia. Location of pathway 
effective refractory period; PCL, 
x flutter; PIT, paroxysmal yuncuonal tachycardia; SV, supraventri 


: AP, accessory pathway; 
ventricular fibrillanon; VT, ventricular tachycardia. 


than in patients without inducible ventricular tachy- 
cardia (5/29 (17%)). Only atrial fibrillation devel- 
oping spontaneously during an induced episode of 
reciprocating tachycardia or during atrial pacing at 
an incremental rate of less than 200 beats/min was 
regarded as abnormal. The shortest paced cycle 
length associated with 1:1 retrograde conduction 
was significantly shorter in patients with inducible 
ventricular tachycardia (291(45) vs 355(125 ms)) 
(p « 0:05). 


len Induced SV arrhythmia: AF, atrial fibrillation 
ventricular arrhythmia. NS,non-sustained, VF, 
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Ventricular arrhythmias were not induced in 
patients who had concealed accessory atrio- 
ventricular pathways that conducted only retro- 
gradely. 

In patients with overt Wolff-Parkinson-White 
syndrome, the anterograde refractory period of the 
accessory pathway(s) was short (<250 ms) in the 
basal state in seven (41%) patients with inducible 
ventricular tachycardia and in five (26%) without 
inducible ventricular tachycardia; the values of the 
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Table 2 Characteristics of patients with 
Wolff-Parkinson-White syndrome with and without induced 
ventricular tachycardia (VT) 


Patents without 
Patients with VT VT 
Characteristics (17 patients) (29 patients) 
Age (yr) (mean (SD)) 31 (14) 38 (14) 
Sex 12M,5F 16M, 13 F 
Pathway location: 
Right 2 2 
Left 8 16 
Septal 7 10 
Multiple 0 1 
fibrillanon 5 5 
Syncope 7 10 
Kent bundle refractory 
period: 
«250 ms 7 5 
2250 ms 10 14 
Concealed 10 


refractory periods of both subgroups were not 
significantly different (299 (83) vs 349 (137 ms)). 
Three patients with induced non-sustained ven- 
tricular tachycardia who have been followed up for 
more than three years are free of ventricular 


arrhythmia. 
Discussion 


We found inducible multiform ventricular tachy- 
cardia in 37% of patients with Wolff- 
Parkinson-White syndrome and in 3% of controls. 
In patients with Wolff-Parkinson-White syndrome 
the ventricular arrhythmias were only induced in 
those with the overt syndrome. 

Ventricular tachycardia is uncommon in patients 
with ventricular pre-excitation.2> Although the 
occurrence of abnormally widened QRS complexes 
during paroxysmal arrhythmias in patients with 
accessory atrioventricular pathways has been noted 
in several reports, differentiation of ventricular 
tachycardia from supraventricular tachycardia with 
a wide QRS complex caused by ventricular pre- 
excitation can be difficult. The differential diagnosis 
is usually complex and only resolved by electro- 
physiological clinical study. In 26 patients with 
Wolff-Parkinson-White syndrome and a regular 
tachycardia with a wide QRS complex, Benditt et al 
found only one case of ventricular tachycardia.* A 
patient reported by Krikler et al who had concealed 
accessory bypass tracts died from ventricular 
fibrillation which complicated a ventricular tachy- 
cardia induced by atrial stimulation.) Lloyd et al 
considered the cause of the neurological symptoms 
in four patients with Wolff-Parkinson-White syn- 
drome to be ventricular tachycardia.! This was 


because the electrophysiological characteristics of 
the accessory pathways were considered unlikely to 
support a tachycardia of a rate sufficient to result in 
syncope and programmed stimulation in the right 
ventricle induced non-sustained ventricular tachy- 
cardia. In the present study we found no correlation 
between syncope and induced multiform ventricular 
tachycardia, although ventricular tachycardia could 
explain the cause of neurological symptoms in four 
patients in whom the refractory period of the acces- 
sory pathway was long. 

Milstein et al reported inducible multiform ven- 
tricular tachycardia in 10-195 of patients with 
Wolff-Parkinson-White syndrome .5 The induction 
of this clinical ventricular tachycardia was not cor- 
related with a specific electrophysiological finding. 
The patients were alive and well after a follow up of 
20 (11) months. 

The significance of induced ventricular tachy- 
cardias in patients without spontaneous ventricular 
arrhythmia is uncertain. Multiform ventricular 
tachycardia is the most frequent ventricular arrhyth- 
mia initiated by programmed electrical stimulation 
in patients without spontaneous sustained arrhyth- 
mias and without structural heart disease. The 
occurrence of this arrhythmia increases with the 
number of extrastimuli used in the stimulation pro- 
tocol. In most reports the occurrence of non- 
sustained ventricular tachycardia induced by two 
extrastimuli was low in normal subjects (0-796 to 
2%).78 In the study of Morady et al non-sustained 
ventricular tachycardia was not induced by stimu- 
lation with up to three extrastimuli in patients with- 
out structural disease who had no spontaneous 
ventricular tachycardia, but was frequently induced 
1n patients with structural disease who had no spon- 
taneous ventricular tachycardia.? None the less, a 
high frequency of multiform ventricular tachycardia 
was reported by Wellens et al in 32 patients without 
structural heart disease who were evaluated for sus- 
pected supraventricular arrhythmias; this arrhyth- 
mia was induced by up two extrastimuli during 
sinus rhythm and ventricular pacing in 38% of this 
group.!? 

In our study, non-sustained ventricular tachy- 
cardia was induced in only one (395) of the control 
group. On the other hand, inducible non-sustained 
ventricular tachycardia was common (37%) in 
patients with Wolff-Parkinson-White syndrome and 
without other heart disease. 

The high incidence of multiform ventricular 
tachycardia associated with the preexcitation syn- 
drome resembles the high incidence of atrial 
fibrillation in Wolff-Parkinson-White syndrome 
(from 1% to 3295)!! Atrial fibrillation in 
Wolff-Parkinson-White syndrome has been 
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related!! ^ !? either to atrial reentry by an accessory 
pathway!? or to a primary atrial vulnerability.!^ In 
the present study, ventricular tachycardia was not 
induced in patients who did not have anterograde 
conduction via accessory atrioventricular con- 
nection; and it may be that such a pathway is 
required to initiate ventricular tachycardia. Retro- 
grade conduction to atria, which is present in all 
cases of Wolff-Parkinson-White syndrome, could be 
responsible for reentry of impulses through the 
atrioventricular connection and for the occurrence 
of ventricular depolarisation in the vulnerable 
phase. Hence atrial fibrillation in Wolff- 
Parkinson-White syndrome could lead to ven- 
tricular fibrillation.!* In the present study only two 
patients had no retrograde conduction and ventricu- 
lar tachycardia was not induced in them. Local re- 
entry into the ventricular area containing the origin 
of the accessory pathway could also explain the sim- 
ilarity between the first QRS complexes of ventricu- 
lar tachycardia and those of the pre-excitation QRS 
complex. All cases of pre-excitation with overt or 
concealed Wolff-Parkinson-White syndrome may be 
at high risk of inducible ventricular arrhythmias. 
'This possibility could not be excluded because of 
the small number of patients with concealed 
Wolff-Parkinson-White syndrome. In the present 
study the appearance of the first premature ventricu- 
lar contraction itself was related to ventricular stim- 
ulation. But there could have been automaticity in 
the accessory ventricular connection’ or a ventricu- 
lar premature complex caused by associated organic 
heart disease. Most spontaneous ventricular tachy- 
cardias in the Wolff-Parkinson-White syndrome are 
reported in patients with underlying heart disease, 
hypertrophic cardiomyopathy!? or previous myo- 
cardial infarction.! Moreover, it has been shown 
that the prognosis of the Wolff-Parkinson-White 
syndrome is better in patients without associated 
organic heart disease.!" In the present study, in a 
56 year old patient with induced ventricular 
fibrillation, underlying heart disease was excluded 
by cross sectional echocardiography, right and left 
catheterisation, and coronary angiography. In a 15 
year old boy who also presented with inducible ven- 
tricular fibrillation there was evidence of incipient 
hypertrophic cardiomyopathy on cross sectional 
echocardiography; however, this patient was a 
trained athlete. In the other patients with inducible 
non-sustained ventricular tachycardia, cross sec- 
tional echocardiograms were normal, but incipient 
associated right ventricular dysplasia could not be 
excluded. Two young women presenting a bal- 
looning mitral valve without enlargement of left 
atrium and ventricle, did not have inducible ventric- 
ular tachycardia, No patient had protracted arrhyth- 


mias that could have caused a disorder 
indistinguishable from dilated cardiomyopathy. '* !? 

The worsening of prognosis when the 
Wolff-Parkinson-White syndrome is associated with 
another organic heart disease might be explained by 
mechanisms such as an increased atrial and ventric- 
ular vulnerability, leading to atrial fibrillation, fol- 
lowed by a ventricular fibrillation. Associated heart 
diseases are frequent in Wolff-Parkinson-White 
syndrome,?°?! particularly ventricular diseases 
which could facilitate ventricular vulnerability, such 
as operated congenital heart disease, hypertrophic 
cardiomyopathy, or mitral valve prolapse. 

Deaths related to Wolff-Parkinson-White syn- 
drome are rare, however, and generally prognosis is 
considered to be good.” Eleven follow up studies of 
Wolff-Parkinson-White syndrome cases were pub- 
lished between 1962 and 1985. The incidence of 
deaths related to this syndrome ranged from 0 to 
2%. In a recent personal study, the follow up of 
195 patients with Wolff-Parkinson- White syndrome 
for more than three years, there were only two 
deaths that could be related to this syndrome.?* One 
of these was due to an atrial fibrillation, conducted 
through a Kent bundle with a short refractory 
period, and the other was a case of sudden death in 
a 12 year old girl during competitive sport. Neither 
a clinical examination nor a necropsy was performed 
in the latter case. There was a high frequency of 
associated heart disease (24%) and six deaths were 
related to a complex congenital heart disease. 

Studies cf the causes of deaths in the 
Wolff-Parkinson-White syndrome generally report 
that death was associated with atrial fibrillation with 
rapid ventricular response via the accessory pathway 
leading to ventricular fibrillation. The inducibility 
of ventricular tachycardia in a patient with 
Wolff-Parkinson-White syndrome therefore is 
probably not clinically important. Underlying heart 
disease, however, should always be sought. If it is — 
found, the patient should be considered to be at risk 
of ventricular arrhythmias because electrical 
instability is being caused by the accessory pathway 
and by the associated heart disease. 

We conclude that inducible multiform ventricular 
tachycardia is more common in patients with 
Wolff-Parkinson-White syndrome who have no 
organic heart disease but have anterograde pre- 
excitation than in patients without organic heart dis- 
ease and without Wolff-Parkinson-White syndrome. 
Both advanced organic heart disease and the 
Wolff-Parkinson-White syndrome can lead to the 
induction of multiform ventricular tachycardia. 
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Atrial natriuretic peptide in spontaneous 
tachycardias 
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SUMMARY Because anecdotal reports suggest that concentrations of atrial natriuretic peptide are 
raised during tachycardias, plasma immunoreactive atrial natriuretic peptide concentrations were 
measured in 34 consecutive patients when tachycardia was diagnosed and again five and 15 
minutes after conversion to sinus rhythm. Plasma atrial natriuretic peptide concentrations were 
raised in all but four patients, and were higher in patients with known heart disease than in those 
without. The concentrations were higher with ventricular tachycardia than with atrial fibrillation 
or supraventricular tachycardia, and in acute versus chronic tachycardia. There was only a weak 
positive relation between ventricular rate and atrial natriuretic peptide (r = 0-31); but there was 
8 closer inverse correlation between atrial natriuretic peptide and systolic arterial pressure (r — 
— 0:60). Conversion to sinus rhythm was associated with a definite fall in plasma atrial natriuretic 
peptide concentrations. Despite very high baseline concentrations of atrial natriuretic peptide 
only two patients reported polyuria. It is likely that atrial pressure rather than ventricular rate 
determines atrial natriuretic peptide release during tachycardia. Despite the absence of polyuria 
in all but two patients in this study atrial peptides could still contribute to, or cause, the polyuria 
of tachycardias. 


Atrial natriuretic peptide is produced and stored by gin, are not infrequently associated with a 

atrial myocytes,!~ 3 and is released into plasma. The — diuresis,$!? !? there is speculation that the urinary 

major circulating form in man appears to be the 28 response may be mediated, at least in part, by atrial 

amino acid « human atrial natriuretic peptide.? Ani- natriuretic peptide. 

mal experiments show that atrial natriuretic peptide To define the relation between atrial natriuretic 

secretion is increased by atrial stretch.?* peptide and arrhythmias we measured plasma 

Incremental cardiac pacing stimulates atrial immunoreactive atrial natriuretic peptide concen- 

natriuretic peptide release in man,* and provisional trations in 34 consecutive patients presenting with 

reports suggest that atrial natriuretic peptide con- — spontaneous tachycardias. 

centrations are increased during tachycardias. ? 

Exogenous « human atrial natriuretic peptide in Patients and methods 

high dose has widespread actions in man including 

hypotension, diuresis, natriuresis, and suppression We studied 34 consecutive patients (mean (SE) 60 

of certain vasoactive hormones.!?!! Since tachy- (3), range 29-84 years; 25 men, 9 women) presenting 

cardias, particularly those of supraventricular ori- with spontaneous tachycardias which were con- 
verted to sinus rhythm. In 24 patients the tachy- 
cardia was acute (less than three days’ duration, 

" i BA Make » range 0-5 to 24 h) and in 10 it was chronic (more than 

CAUSES TOC FEDEIDU DO. OE 1 > Department three days’ duration, range 6-100 days). Twenty 

Gains ME C Hospital, Cashmere Rosd, four had documented cardiac disease (ischaemic 
heart disease in 18, dilated cardiomyopathy in 4, 

Accepted for publicanon 31 March 1987 hypertension in 1, and mitral valve disease in 1). 
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Atrial natriuretic peptide in spontaneous tachycardias 


Fourteen patients had congestive heart failure 
before the arrhythmia. The remaining nine patients 
had no evidence of heart disease. Medication at the 
time of presentation was frusemide in 13 patients, an 
angiotensin converting enzyme inhibitor in nine, 
digoxin in 11, and an antiarrhythmic agent in six. 
Fifteen patients were not taking medications. 

The arrhythmia was atrial fibrillation in 22 
patients, re-entrant supraventricular tachycardia in 
five, and ventricular tachycardia in seven. Con- 
version to sinus rhythm was effected by direct cur- 
rent cardioversion in 18 patients and by pharma- 
cological cardioversion (intravenous verapamil, 
lignocaine, or flecainide) in 13 subjects; it was spon- 
taneous in the remaining three. Peripheral venous 
samples for the measurement of atrial natriuretic 
peptide were drawn immediately before the termi- 
nation of the tachycardia and again five and 15 
minutes after conversion to sinus rhythm. Blood was 
taken into chilled tubes containing edetic acid and 
Trasylol, rapidly centrifuged at +4°C, and the 
plasma stored at —80°C. Plasma was extracted with 
SepPak C18 cartridges before radioimmunoassay as 
described elsewhere.!* The three samples for each 
patient were analysed in the same assay, but separate 
assays were used for samples from different patients. 
The intra-assay coefficient of variation was 10:1% 
and the inter-assay variability was 13-895. We mea- 
sured arterial pressure during the tachycardia with a 
standard mercury sphygmomanometer with the 
patient supine in bed. 

Grouped data were compared by Student's t test 
and relations between indices were assessed by Pear- 
son's product moment correlation coefficient. All 
results are given as mean (SEM). 


Results 


Ventricular rate during the tachycardia ranged from 
70 to 220 beats/minute (mean 143 (7) beats/minute). 
'The mean systolic arterial pressure was 116 (52) 
mmHg (range 50-170 mmHg). Plasma atrial 
natriuretic peptide concentrations before cardio- 
version were widely scattered between a minimum 
of 17 pmoi/l and a maximum of 525 pmol/I (fig 1). In 
only four patients were baseline atrial natriuretic 
peptide concentrations within our normal range of 
8-24 pmol/l. After conversion to sinus rhythm mean 
atrial natriuretic peptide concentrations fell to 116 
(17) by five minutes and to 101 (19) pmol/l at 15 
minutes (p « 0-01 and p « 0-02 respectively com- 
pared with initial concentrations) All but five 
patients had lower atríal natriuretic peptide concen- 
trations 15 minutes after cardioversion than before. 
One patient showed a pronounced rise in atrial 
natriuretic peptide at 15 minutes after an initial 
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decline (fig 1). There were no distinguishing clinical 
features to explain this anomalous response. 
Baseline plasma atrial natriuretic peptide concen- 
trations during tachycardia were higher in the 25 
patients with heart disease (170 (28) pmol/l) than in 
the nine patients without heart disease (59 (21) 
pmol/l, p « 0-05; fig 2). Those with acute tachy- 
cardias had higher concentrations than patients with 
chronic tachycardias (163 (30) pmol/l and 88 (14) 
pmol/l respectively); however, the difference was 
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Figl Immunoreactive atrial natriuretic peptide 
(IR-ANP) concentrations m 34 patients anth spontaneous 
tachycardia before (zero minutes) and 5 and 15 minutes 
after cardioversion. Data are shown for individuals and as 
mean (SEM). *p < 0-02. 
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not statistically significant (fig 2). Ventricular tachy- 
cardia was associated with greater increase in atrial 
natriuretic peptide G32 (58) pmol/l) than atrial 
fibrillation (85 (11) pmol/l, p < 0-05), or supra- 
ventricular tachycardia (120 (39) pmol/l, NS; fig 2). 
There was a positive, though weak, relation between 
the baseline ventricular rate and plasma atrial 
natriuretic peptide concentrations (r = 0:31, NS). 
However, there was a statistically significant inverse 
correlation between plasma atrial natriuretic peptide 
concentrations and systolic arterial pressure before 
cardioversion (r = 0:60, p < 0 001; fig 3). Only two 
patients had a diuresis during the tachycardia; nei- 
ther had cardiac disease or gross increases in plasma 
atrial natriuretic peptide (48 and 32 pmol/l). One of 
these patients presented with acute supraventricular 
tachycardia and the other with acute atrial 
fibrillation. 


Discussion 


This study confirms that plasma atrial natriuretic 
peptide concentrations are often raised in patients 
with spontaneous tachycardias. Despite the clear 
association between tachycardia and increased atrial 
natriuretic peptide concentrations, however, we 
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observed only a weak statistical relation between 
atrial natriuretic peptide and ventricular rate before 
cardioversion. It seems unlikely, therefore, that ven- 
tricular rate itself is the proximate cause of atrial 
natriuretic peptide release. More likely, atrial 
natriuretic peptide release is mediated by associated 
haemodynamic changes and, in particular, the 
increase in atrial pressure. This is supported by the 
inverse correlation between baseline atrial 
natriuretic peptide concentrations and systolic arte- 
rial pressure, the latter being a crude index of hae- 
modynamic derangements during the tachycardia. 
Further, patients with prior heart disease, many of 
whom have raised atrial natriuretic peptide concen- 
trations,!!5 would be expected to show greater 
increases in atrial pressure during tachycardia than 
patients with normal hearts, and indeed we found 
higher atrial natriuretic peptide concentrations in 
the patients with previous heart disease. Finally, 
ventricular tachycardias are likely to result in very 
high atrial pressures with canon waves," !? and 
this group of patients had higher atrial natriuretic 
peptide concentrations than those with supra- 
ventricular tachycardias in whom atrial pressures 
would probably be lower.?°?! The suggestion that 
atrial pressure or atrial stretch is the stimulus to 
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Fig2 Immunoreactroe atrial natriuretic peptide (IR-ANP) concentrations in patients presenting with 
tachycardia. Results are shown for individuals and as mean (SEM). *p < 0:05: AF, atrial fibrillation; 
SVT, supraventricular tachycardia; VT, ventricular tachycardia. 
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Fig 3 ee ee atrial natriuretic peptide 
(IR-ANP) concentrations and systolic arterial pressure tn 
33 patients presenting with tachycardta. (], ventricular 
tachycardia; ©, supraventricular tachycardia; A, atrial 
fibrillation. An’ additonal patient did not have blood pressure 
recorded. (r = —0-60, p < 0-001.) 
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is supported by the observations by Weil et al who 
reported a close positive association between right 
atrial pressure and plasma atrial natriuretic peptide 
concentrations during intracardiac pacing in man.” 
This is also consistent with animal data indicating 
that atrial stretch is an important, and perhaps the 
dominant stimulus, to.release of atrial natriuretic 
peptide.** Although increased cardiac secretion of 
atrial natriuretic peptide may account in full for the 
high atrial natriuretic peptide concentrations we 
found during tachycardia it is possible that clearance 
of the peptide from plasma is delayed under these 
circumstances and that this too may contribute to 
the higher concentrations. This would be especially 
so when cardiac output falls sharply during the 
arrhythmia and blood flow to the kidneys and liver, 
organs where atrial natriuretic peptide is cleared, '® 
is likely to decline precipitously. Little is known 
about the factors that regulate the clearance of atrial 
natriuretic peptide from plasma in man. 

The half life of atrial natriuretic peptide, as deter- 
mined from « human atrial natriuretic peptide 
infusion studies in healthy volunteers which used 
venous sampling, is approximately three minutes.?? 
In the present study the fall in plasma atrial 
natriuretic peptide concentrations after cardio- 
version was slow, with an estimated half life well 
beyond three minutes. The probable explanation is 
that atrial pressures do not necessarily return to nor- 
mal immediately sinus rhythm is restored.2? In 
addition, some of our patients had cardiac failure 
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before the onset of tachycardia, and atrial natriuretic 
peptide concentrations would not be expected to fall 
into the normal range. Finally, it is possible that the 
plasma clearance rate of atrial natriuretic peptide is- 
reduced for some time after sinus rhythm is 
achieved. 

There has been speculation that atrial peptides 
might account for the well-known association of 
diuresis with tachycardia.” None the less, all but 
five of our patients had high plasma atrial natriuretic 
peptide concentrations, yet only two noted polyuria. 
Further, plasma atrial natriuretic peptide concen- 
trations in these two patients were not grossly 
increased. Superficially, this might be taken as evi- 


' dence against a role for atrial peptides in the polyuria 


of tachycardias. Much more information is needed, 
however, on the factors which modify the urinary 
response to atrial natriuretic peptide before firm 
conclusions can be reached. Already it is known that 
the arterial pressure,?^ ? dietary sodium intake,?7 
activity of pressor systems, and the presence of 
heart failure?? can modify the renal actions of 
administered atrial natriuretic peptide. It is poss- 
ible, therefore, that a minor rise in plasma atrial 
natriuretic peptide concentrations during tachy- 
cardia in a patient whose arterial pressure is main- 

tained will induce an appreciable diuresis. On the 
contrary, a much higher atrial natriuretic peptide 
concentration may fail to increase urine output in a 
patient with cardiac failure in whom ventricular 
tachycardia has induced profound hypotension. 


We thank Mr Stephen Fisher, Mrs Helena Duff, 
Special Test Sisters, and Mrs Natalie Purdue for 
their help. This study was supported by the 
National Heart Foundation of New Zealand. 


References 


] Kisch B. Electron microscopy of the atrium of the 
heart: guinea pig. Exp Med Surg 1956;14:99-112. 

2 Kangawa K, Matsuo H. Purification and complete 
amino acid sequence of a-human atrial natriuretic 
polypeptide (x-hANP). Biochem Biophys Res Com- 
mun 1984,118:131—9. 

3 Dietz JR. Release of natriuretic factor from rat heart- 
lung preparation by atrial distension. Am J Physiol 
1984;247:R1093-6. 

4 Ledsome JR, Wilson N, Courneya CA, Rankin AJ. 
Release of atrial natriureuc peptide by atrial dis- 
tension. Can J Physiol Pharmacol 1985,63:730—42. 

5 Crozier IG, Nicholls MG, Ikram H, Espiner EA, 
Yandle TG, Jans S. Atrial natriuretic peptide in 
man: production and clearance by various tissues. 
Hypertension 1986;8(suppl II):11—5. 

6 Schiffrin EL, Gutkowska J, Kuchel O, Cantin M, 
Genest J. Plasma concentration of atrial natriuretic 


100 


factor in a patient with paroxysmal atrial tachycardia. 
N Engl J Med 1985,312:1196—7. 

7 Tikkanen I, Metsarinne K, Fyhrquist F. Atrial 
natriuretic peptude in paroxysmal supraventricular 
tachycardia. Lancet 1985;11:40-1. 

8 Yamaji T, Ishibashi M, Nakaoka H, Imataka K, 
Amano M, Fujii J. Possible role for atrial natriuretic 
peptide in polyuria associated with paroxysmal atrial 
arrhythmias Lancet 1985;i:1211. 

9 ‘Anderson JV, Gibbs JSR, Woodruff PWR, Greco C, 
Rowland E, Bloom SR. The plasma atrial natriuretic 
peptide response to treatment of acute cardiac fail- 
ure, spontaneous supraventricular tachycardia and 
induced re-entrant tachycardia in man. J Hypertens 
1986;4(suppl 2):8137-41. 

10 Richards AM, Nicholls MG, Ikram H, Webster MWI, 
Yandle TG, Espiner EA, Renal, haemodynamic, and 
hormonal effects of human alpha atrial natriuretic 
peptide in healthy volunteers. Lancet 1985,1:545—9. 

1] Richards AM, Nicholls MG, Espiner EA, et al. Effects 
of a-human atrial natriuretic peptide in essential 
hypertension. Hypertension 1985;7:812-7. 

12 Wood P. Polyuria in paroxysmal tachycardia and par- 
oxysmal atrial flutter and fibrillation. Br Heart J 
1963;25:273-82. 

13 Kaye GC, Nathan AW, Camm AJ. Polyuria associated 
with paroxysmal tachycardia. Clin Prog Pacing Elec- 
trophysiol 1984;2:349-59. 

14 Yandle TG, Espiner EA, Nicholls MG, Duff H. Radio- 
immunoassay and characterization of atrial natri- 
uretic peptide in human plasma. J Clin Endocrinol 
Metab 1986;63:72-9. 

15 Tikkanen I, Fyhrquist F, Metsarinne K, Leidenius R. 
Plasma atrial natrruretic peptide in cardiac disease 
and during infusion in healthy volunteers. Lancet 
1985;11:66—9. 

16 Richards AM, Cleland JGF, Tonolo G, et al. Plasma a 
natriuretic peptide in cardiac impairment. Br Med J 
1986;,293 409-12. 

17 Samet P, Bernstein WH, Levine S, Lopez A. Hemo- 
dynamic effects of tachycardias produced by atrial 
and ventricular pacing. Am J Med 1965539:905—10. 

18 Alicandn C, Fouad FM, Tarazi RC, Castle L, Morant 
V. Three cases of hypotension and syncope with ven- 


Crozier, Ikram, Nicholls, Espiner, Yandle 


tricular pacing: possible role of atrial reflexes. Am J 
Cardiol 1978;42:137—42. 

19 Erlebacher JA, Danner RL, Stelzer PE Hypotension 
with ventricular pacing: an atrial vasodepressor reflex 
in human beings. J Am Coll Cardiol 1984;4:550-5. 

20 Luria MH, Adelson EI, Lochaya S. Paroxysmal tachy- 
cardia with polyuria. Ann Intern Med 1966;65: 
461-70. 

21 Weil J, Haufe M, Natzka K, er al Plasma atrial 
natriuretic pepude concentrations during intra- 
cardiac pacing. Acta Endocrinol (Copenh) 1986; 
111(supp!] 274):164—5. 

22 Yandle TG, Richards AM, Nicholls MG, Cuneo R, 
Espiner ZA, Livesey JH. Metabolic clearance rate 
and plasma half life of alpha-human atrial natriuretic 
peptide m man. Lafe Sci 1986;38:1827—33. 

23 Schlepper M, Weppner HG, Merle H. Haemodynamic 
effects of supraventricular tachycardias and their 
alterations by electrically and verapamil induced 
termination. Cardiovasc Res 1978;12.28-33. 

24 Biollaz J; Nussberger J, Waeber B, Brunner HR. Clin- 
1cal pharmacology of atrial natriuretic (3-28) eicosa- 
hexapepude. J Hypertens 1986;4(suppl 2):S101-8. 

25 Blaine EH, Hemel LA, Schon TW, Marsh EA, 
Whinnery MA. The character of the atrial natriuretic 
response: pressure and volume effects. J Hypertens 
1986;4(suppl 2):817—24. 

26 Sosa RE, Volpe M, Marion DN, et al. Relationship 
between renal hemodynamic and natriuretic effects 
of atriai natriuretic factor. Am J Physiol 1986; 
250:F520-4. 

27 Cuneo RC, Espiner EA, Nicholls MG, Yandle TG, 
Joyce SL, Gilchrist NL. Renal, hemodynamic, and 
hormonal responses to atrial natriuretic peptide 
infusions ın normal man, and effect of sodium intake. 
J Clin Endocrinol Metab 19865,63:946—53. 

28 Trippodo NC, MacPhee AA, Cole FE. Natriuretic 
response to atrial natriuretic factor enhanced by 
angiotensin II and vasopressin. J Hypertens 
1984;2(suppl 3):289-91. 

29 Crozier IG, Nicholls MG, Ikram H, Espiner EA, 
Gomez HJ, Warner NJ. Beneficial haemodynamic 
effects of atrial peptide infusions in heart failure. 
Lancet 1986;11:1242—5. 


CASE 12. Not Just a New Generation 


of Stress Testing. It’s a Whole New Era. 


Our new CASE 12 Exercise Electrocardiography 
System stands alone among stress testing 
systems, Three interactive microprocessors 
provide unsurpassed signal processing and 
system control. Screen display, test procedure 
and report format and content are completely 
- and easily — customizable. CASE 12's 
operator controls give new meaning to “easy to 
use”; our innovative Trim Knob gives complete 


We invite you to contact your Marquette 
representative, or call us on 0800-626901, fo learn 
about all the other technological and 
conceptual advances we've put into CASE 12 
You'll be surprised at how affordable the best can 


be. 


Suite No. 8, Bridge House € Severn Bridge 










AA y / AAT. 4 J E 






Prescribing Information in Hypertension: Indications Hypovase is indicated 
in the treatment of hypertension of varied aetiology and all grades of severity 
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as a beta-blocker or a thiazide diuretic Contra- indications Sensitivity to 
Hypovase. Precautions A small percentage of patients may react more rapidly 
and to a greater extent than the majority. In some cases this has led to sudden 
loss of Consciousness generally lasting a few minutes. Subsequent treatment 
may be satisfactory WARNINGS: Use during pregnancy. Although no 
teratogenic effects were seen in animal testing, the safety of Hypovase use 
during pregnancy or during lactation has not yet been established. Accordingly. 
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tablet (PL 5 7/0106) pack of 100. £5.25; 2mq tablet (PL5 7/0107) pack of 100 
£6.98; 5mq tablet (PL5 7/0108] pack of 100. £15.58. Also available is a b.d 
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Global and regional right ventricular function after 
acute myocardial infarction: dependence upon site of 


left ventricular infarction 


JOHN L CAPLIN, DUNCAN S DYMOND, WILLIAM D FLATMAN,* 


ROWORTH A J SPURRELL 


From the Departments of Cardiology and *Nuclear Medicine, St Bartholomew’s Hospital, London 


SUMMARY The relation of global and regional right and left ventricular function during the acute 
phase after a first myocardial infarction was assessed by first pass radionuclide angiography in 20 
patients (10 after anterior and 10 after inferior myocardial infarction). The right ventricular 
ejection fraction did not differ significantly between the groups, but left ventricular ejection 
fraction was significantly depressed after anterior myocardial infarction. There was evidence of 
right ventricular dilatation and impaired transit in the group with inferior infarction. Five 
patients with anterior infarction and six with inferior infarction had abnormal right ventricular 
ejection fractions. Right ventricular wall motion abnormalities affected the septal wall in the 
group with anterior infarction and the free wall in the group with inferior infarction. The relation 
between right and left ventricular ejection fractions was markedly different in the two groups. In 
the group with anterior infarction there was a significant linear relation between right and left 
ventricular ejection fraction, whereas in the group with inferior infarction there was not. 

'Thus right ventricular dysfunction commonly occurs after both anterior and inferior myo- 
cardial infarction. Right and left ventricular impairment are related after anterior myocardial 
infarction, but are independent after inferior myocardial infarction. Finally, the different effects 
of anterior and inferior myocardial infarction on right ventricular function may be explained by 
differences in septal and free wall involvement. 


Right ventricular dysfunction secondary to right 
ventricular myocardial infarction is now well recog- 
nised.! Invasive haemodynamic monitoring allows 
primary abnormalities of nght ventricular function 
to be distinguished from those that are secondary to 
left ventricular dysfunction.” The right ventricular 
free wall is exclusively supplied by the right coron- 
ary artery,’ and therefore most studies of right ven- 
tricular function after myocardial infarction have 
concentrated on patients with inferior infarction. 
Rigo et al reported dilatation of the right ventricle 
after inferior infarction.* Since then there have been 
conflicting reports, with some investigators finding 
tight ventricular dysfunction after inferior 
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infarction but not after anterior infarction,’ © while 
others have found it in both groups.’ 

Since not only the right ventricular free wall but 
also the interventricular septum contribute to right 
ventricular contraction,® septal involvement in 
anterior infarction might be expected to cause some 
degree of nght ventricular dysfunction. To assess 
the extent of right ventricular dysfunction after 
myocardial infarction and its relation to the site of 
left ventricular infarction we assessed global and 
regional right and left ventricular function in a 
population of patients admitted during the acute 
phase of their first myocardial infarction. 


Patients and methods 
PATIENTS 


We studied 20 patients (19 men; mean (SD) age 
53-8 (8:9), range 35—65 years) (table 1). They had no 


101 








102 Caplin, Dymond, Flatman, Spurrell 
Table 1 Clinical details and right and left ventricular indices in 20 patients with acute anterior or inferior infarction 
RV LV 
HR (beats) Se eg. a ia ey ee I ELE 

No Age Sex Site Day min} Bolus {s} Cyc TT is) EF(9?5,) Cyc TT (s) 

H 63 M A 6 98 09 6 33 13 11 65 20 

2 53 M I 6 68 25 5 41 20 6 5-4 55 

3 45 F A 7 85 9.9 5 3-0 22 6 41 19 

4 42 M A 3 91 13 2 11 39 7 55 51 

5 56 M I 2 51 1-0 3 32 36 6 68 57 

6 65 M I 16 98 Li 5 2:8 29 6 3-8 49 

7 61 M A 6 77 18 5 3-6 30 7 58 30 

8 49 M I 3 89 32 6 40 26 9 62 57 

9 60 M A 7 65 12 4 3:4 25 6 51 24 
10 61 M I 3 85 19 11 76 39 7 46 50 
11 56 M I 7 94 6-0 10 61 25 9 55 41 
12 63 M I 2 56 17 6 62 23 8 83 65 
13 58 M 1 5 95 12 10 6-0 16 8 49 52 
14 62 M A 7 80 ro 5 3-5 23 6 44 45 
15 46 M I T 82 1:2 6 41 32 7 53 50 
16 62 M A T 93 15 6 3-6 15 11 T6 34 
17 41 M A 3 48 09 3 32 57 5 57 61 
18 45 M A 4 69 08 3 2:5 43 5 45 51 
19 53 M I 8 81 15 6 41 31 8 61 57 
20 35 M A 9 75 05 6 44 56 6 48 61 
Mean (SD) 53-8 (8-9) 5:9(3-2) 79(15) 1-6(1-2} 57(24) 40(15) 30(122) 721-7) 55(01) 


————————H———genn—À————— ————————————————H— rc 
RV, right ventricular; LV, left ventricular; site, site of myocardial infarction; day, day of study post-infarction; HR, heart rate; bolus, bolus duration in 


the saperior vena cava; cyc, cycles available for analysis; TT, transit time; EF, ejection fraction; A, anterior; I, inferior. 


clinical or electrocardiographic evidence of a pre- 
vious myocardial infarction. All presented with typi- 
cal ischaemic chest pain, all developed electro- 
cardiographic changes characteristic of a transmural 
myocardial infarction (ST segment elevation, T 
wave inversion, and Q waves), and all had diagnostic 
serial changes in serum cardiac enzymes. The 
infarction was defined as inferior if the electro- 
cardiographic changes developed in leads II, III, 
and aVF, and as anterior if the changes occurred in 
any two consecutive leads from leads V1-V6. 
Patients were not included if the site of infarction 
could not be defined by this system. Patients were 
studied in the acute phase of infarction as soon as it 
was considered safe for them to be moved to the 
nuclear cardiology laboratory. 


RADIONUCLIDE ANGIOGRAPHY 

First pass radionuclide angiography was performed 
with a multicrystal gamma camera (Baird System- 
7T) in the 30? right anterior oblique projection in 
supine resting patients as previously described.? An 
18 gauge cannula was inserted into a medial ante- 
cubital fossa vein and 660 MBq of technetium-99m 
was injected for each study by rapid saline flush. 
Data were acquired for 30s at 30 ms framing inter- 
vals. 


DATA ANALYSIS 

Global right ventricular function 

Radionuclide bolus duration was assessed from 
time-activity curves derived from a region of interest 


over the superior vena cava.'° Right ventricular 
ejection fraction was calculated by a previously 
described method.!! 

Heart rate, right ventricular transit time (defined 
as the duration of activity in the right ventricle), and 
right ventricular cycles were derived from the right 
ventricular time-activity curve, and the planar right 
ventricular area was derived from the right ventricu- 
lar region of interest. This measure was included to 
allow comparison with the study of Rigo ez al,* who 
used planar right ventricular area as an index of right 
ventricular dilatation.* 


Global left ventricular function 

Left ventricular ejection fraction and functional 
images were derived from high frequency time- 
activity curves by a standard software program as 
previously described.? 


Regional left and right ventricular function 

Regional wall motion was assessed from count- 
based regional ejection fraction images. These were 
derived from end systolic and end diastolic images, 
and showed the proportionate change in counts and 
hence the volume within each part of the ventricle. 
The left ventricular border was visually divided into 
three equal segments: anterior, apical, and inferior. 
A segment was deemed to be abnormal if more than 
half of it showed a regional ejection fraction of 
« 509,.!? The right ventricle was arbitrarily divided 
into two equal segments. The inferior border from 
the tricuspid valve plane to the apex was defined as 


46:5 (13.9) 
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Table 2 Comparison of the results in patients with anterior 
and inferior myocardial infarctions. Results expressed as 
mean ( SD) 











Anterior Inferior 

ín = 10) (n = 10) p value 
Age (years) 51-6(10-9) 56-0(60) NS 
Day 5:9 (2-0) 5-9 (4:2) NS 
Heart rate (beats/min) 78:1(14.9)  80-0(164) NS 
Bolus (s) 11(04) 2-1(1:5) NS 
RV area (cm?) 384(122) 50-5(5-7) «0-05 
RV cycles 45(14) 6-8 (2-6) <0-05 
RV TT (s) 3-2 (0-93 48(15) «001 
LV cycles 7-0 (2:2) 7-4(1-2) NS 
LV TT (s) 5-411) 5-7(1-3) NS 
RVEF (?;) 32-3(15-8)  27-2(7-1) NS 
LVEF (%,) 39-6(163) 533(64) «0-05 





the “free wall" segment and the anterior border 
from the apex to pulmonary outflow tract was 
defined as the "septal" segment.? 


Statistical analysis 
The results are expressed as mean (SD). Results 
within a group were compared by paired : tests and 
results between groups by unpaired ¢ tests. Cor- 
relation coefficients (r) were derived by a standard 
software program. 


Results 
ALL PATIENTS 


Table 1 shows results in all patients. The patients 
were studied 5-9(3-2) days (range 2-16) after 
infarction. The number of right ventricular cycles 
(57 (2-4)) that were available was significantly less 
than for the number of left ventricular cycles 
(7-2(1-7)) (p < 0-01). The transit time of the right 
ventricle (4-0(1:5)s) was significantly shorter than 


Table 3. Right and left ventricular regional wall motion 
abnormalities after anterior and inferior myocardial 
infarction 





Anterior (n = 10; Inferior (n = 10) 





Right ventricle: 


Normal 6 5 
Septal 3 0 
Free wall 0 4 
Diffuse 1 1 
Left ventricle: 
Normal 1 3 
Anterior 2 0 
Anteroapical 5 0 
Apical 1 0 
Inferior 0 5 
Inferoapical 0 2 
Diffuse 1 0 
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fractions (EF °) in the ten patients with anterior 
myocardial infarction. The values for each patient are joined 
by a solid line. Note the wide range of right and left 
ventricular ejection fractions. 


that of the left (5:5(1: Ds) (p < 0-001). The right 
ventricular ejection fraction was 30(12-2)°,, (range 
13-56) and the left ventricular ejection fraction was 
46:5(13-9)%, (range 19-65) (p < 0-001). Eleven of 
20 patients had a right ventricular ejection fraction 
of <30°,,. This represents our lower limit of normal 
derived from 21 normal volunteers without clinical 
or electrocardiographic evidence of heart disease, ' ^ 
Eight of the 20 patients had an abnormal left ven- 
tricular ejection fraction (< 50°). 


ANTERIOR MYOCARDIAL INFARCTION 

Table 2 shows the results for the global variables of 
ventricular function and table 3 shows regional 
function. Right ventricular area was 38:4 (12-20cm". 
There were 4:5 (1-4) cycles available for analysis of 
the right ventricle and 7-0 (2-2) for the left ventricle 
(p < 0-01). Transit time was 3:2 (0-9)s for the right 
ventricle and 5-4(1-1)s for the left ventricle 
(p < 0-001). Right ventricular ejection fraction was 
32-3(15:8?,) and left ventricular ejection fraction 
was 39-3(16-3)°, (p < 0-05). Five of ten patients had 
abnormal right ventricular ejection fractions and six 
of ten had abnormal left ventricular ejection frac- 
tions. Figure 1 shows the ranges of right and left 
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Fig2 Relation between right and left ventricular ejection 
fractions in 10 patients after anterior myocardial infarction 
The line represents the best fit; the correlation coefficient (r 


and corresponding p value are shown 


ventricular ejection fractions in all patients. Figure 2 
shows the relation between right and left ventricular 
ejection fractions. This shows a linear relation (r = 
0-87, p < 0:01). 

Table 3 lists the regional abnormalities; four of 
the five patients with abnormal right ventricular 
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ejection fractions had regional right ventricular 
abnormalities. Nine patients, three with normal left 
ventricular ejection fractions, showed abnormalities 
of regional left ventricular function. Figure 3 shows 
the images in a patient with a small anterior 
infarction with normal right and left ventricular 
ejection fractions and normal regional wall motion. 
In contrast, fig 4 shows the images in a patient who 
had impaired right and left ventricular function after 
anterior infarction; this patient had septal right ven- 
tricular and anterior left ventricular wall motion 
abnormalities. 


INFERIOR MYOCARDIAL INFARCTION 
Tables 2 and 3 show the results in patients with 
inferior myocardial infarction. The mean right ven- 
tricular area was 50:5 (5:7)cm?. There were 6:8 (2-6) 
cycles available for the right ventricle and 7-4(1-2) 
for the left ventricle (p, NS). Transit time was 
4:8 (1:5)s for the right ventricle and 5-7 (1:3)s for the 
left ventricle (p, NS). Right ventricular ejection 
fraction was 27-2 (7-1)% and left ventricular ejection 
fraction was 53:3(6:4)"^, (p < 0-001). Six of ten 
patients had abnormal right ventricular ejection 
fractions and two of ten patients had abnormal left 
ventricular ejection fractions. Figure 5 shows the 
right and left ventricular ejection fractions in all 
patients. Figure 6 shows the relation between right 
and left ventricular ejection fraction in this group. 
In contrast to the anterior infarction group there was 
no significant relation (r = —0-1). 

Table 3 lists the regional abnormalities. Five of 
the six patients with abnormal right ventricular ejec- 





Fig3 
myocardial infarction. The colour scale shows regional ejection from yellow (100° 
and blue to pale blues, and green; and finally black ( 0' 
change in regional ejection fraction. In this case the regional images are just within normal limits, although 
there is a small area of anterior hypokinests just above the apex of the left ventricle. 


Right and left ventricular regional ejection fraction images in a patient with a small anterior 


; through orange, red, 
. Each point on the scale represents a 6:25 
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Fig4 Right and left ventricular regional ejection fraction images in a patient with an anterior myocardia 


infarction and associated septal right ventricular hypokinests (right border 


tion fractions had abnormalities of regional func- 
tion. Seven patients had regional left ventricular 
abnormalities and two of these also had abnormal 
left ventricular ejection fractions. Figure 7 shows 
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patients with inferior myocardial infarctions. The format is 
the same as in fig 1. The range of right and left ventricular 
ejection fractions was much narrower than in the group with 
anterior myocardial infarction (fig 1) 


See fig 3 for colour scale 


images in a patient with impaired right and left y 
tricular function after an inferior infarction. Ther 
was a right ventricular free wall abnormality an 
inferior left ventricular hypokinesis 
COMPARISON BETWEEN ANTERIOR AND 
INFERIOR MYOCARDIAL INFARCTION 


There were no significant differences in age, da 
study, heart rate, of radionuclide bolus duratior 
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Fig 7 
hypokinesis of the right ventricular free wall (inferior border) and the inferior left ventricle. See fig 3 for 
colour scale 


the superior vena cava. The right ventricular area 
was significantly greater in the group with inferior 
infarction, suggesting right ventricular dilatation 
(p < 0:05). Both the number of right ventricular 
cycles available for analysis (p « 0:05), and, as a con- 
sequence of this, the right ventricular transit times 
(p € 0-01), were greater in the inferior infarction 
group. There were, however, no significant 
differences between the groups in left ventricular 
cycles and transit times. The right ventricular ejec- 
tion fraction was lower in the inferior infarction 
group, but this failed to reach statistical significance 
when compared with the anterior infarction group. 
In contrast, the left ventricular ejection fraction was 
significantly lower in the group with anterior 
infarction (p < 0-05). 

Regional abnormalities of both right and left ven- 
tricular function were common in both groups 
(table 3). However, abnormalities of regional right 
ventricular wall motion in the group with anterior 
infarction tended to involve the septal wall, whereas 
in the group with inferior infarction the free wall 
was predominantly involved. Regional abnormali- 
ues of the left ventricle affected the appropriate seg- 
ment and were also dependent upon the site of the 
myocardial infarction. These abnormalities were 
present in all eight patients with abnormal left ven- 
tricular ejection fractions and also in eight patients 
with normal resting left ventricular ejection 
fractions. 


Discussion 


Although the clinicopathological syndrome of myo- 
cardial infarction has been known for at least a cen- 


Right and left ventricular images in a patient with inferior myocardial infarction associated with 


tury,'* dominant right ventricular involvement was 
first described within the past twelve years.' A study 
of 2000 consecutive necropsies found right ventricu- 
lar infarction in 13:8?,, the majority being associ- 
ated with extension from a left ventricular 
infarction, but in 2-4% the infarction was confined 
to the right ventricle.!? Other investigators found 
that the right ventricle was affected only when there 
was transmural inferior left ventricular infarction! 5; 
Ratliff and Hacket found that the right ventricle 
was affected in 34% of such patients.'’ Wade 
described 11 patients with right ventricular 
infarction all of whom had proximal occlusion of the 
right coronary artery.!* This is not surprising since 
the right ventricular free wall, in man, is exclusively 
supplied by the right coronary artery.? It is now rec- 
ognised, however. that free wall contraction con- 
tributes only part, and possibly a small part, of the 
total systolic volume change of the right ventricle. 
Contraction of the interventricular septum and the 
crista supraventricularis may be far more important 
than that of the free wall." Since the interventricular 
septum receives blood from the left anterior 
descending coronary artery, right ventricular dys- 
function might occur not only in patients with infe- 
rior infarction but also in those with anterior 
infarction. 

In an early study Rigo et al showed that the ratio 
of right ventricular to left ventricular area after in- 
ferior infarction was higher than after anterior 
infarction, suggesting disproportionate dilatation of 
the right ventricle.* Other investigators found that 
the right ventricular ejection fraction was depressed 
in patients after inferior infarction but normal in 
patients after anterior infarction, with some individ- 


Global and regional right ventricular function after acute myocardial infarction 


uals having values below the lower level of nor- 
mal. Steele et al found that all patients on the first 
day after inferior infarction had impaired right ven- 
tricular function that appeared to recover rapidly, 
whereas after anterior infarction only one third of 
patients developed transient abnormalities.!? Mar- 
mor et al found impaired right ventricular function 
in patients after both inferior and anterior 
infarction, however, in contrast with Steele's data; 
this persisted in the group with inferior infarction 
but not in the group with anterior infarction." In a 
prospective trial of 250 consecutive coronary care 
admissions, “predominant” right ventricular dys- 
function was found in 43 and all of them had inferior 
infarction.?? However, since only patients with 
nearly normal left ventricular function were 
included the selection was biased against patients 
with anterior infarction which causes greater 
depression of left ventricular ejection fractions." !? 

Since the first description of clinical right ven- 
tricular infarction there has been extensive work on 
the clinical,! electrocardiographic,?! and haemo- 
dynamic”? diagnosis of right ventricular infarction 
and dysfunction. There is often a discrepancy 
between the diagnosis of right ventricular infarction, 
primarily a histopathological finding, and right ven- 
tricular dysfunction, a clinical and pathophysio- 
logical entity. Thus it seems apparent that while 
right ventricular free wall infarction is related to 
inferior infarction and right coronary artery dis- 
ease,!7 tight ventricular dysfunction may occur 
independently of these features when it is associated 
with anterior infarction." !? : 

We examined various variables of right and left 
ventricular function in a group of patients soon after 
infarction. Right ventricular ejection fraction was 
depressed in 55% of the patients and left ventricular 
ejection fraction in 40%. These figures are similar to 
those obtained in other studies.* ? ? 

Left ventricular dysfunction (ejection fraction 
<50%) was more common in the group with 
anterior infarction (60%) than in the group with 
inferior infarction (20%). Right ventricular area was 
significantly smaller and right ventricular transit 
significantly more rapid in the group with anterior 
infarction than in the group with inferior infarction, 
despite the fact that not only the right ventricular 
ejection fraction but also the number of patients 
in each group with impaired global and regional 
right ventricular abnormalities were similar. The 
differences between the groups cannot be attributed 
to difference in timing of the studies because the 
mean study day was the same in both groups. These 
data confirm that right ventricular dilatation is dis- 
proportionately increased in patients with inferior 
infarction compared with anterior infarction and is 
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associated with impaired transit. This may explain 
why the haemodynamic changes suggestive of domi- 
nant right ventricular dysfunction occur almost 
exclusively after inferior infarction.?? ?? In addition, 
as mentioned previously, left ventricular dys- 
function is far more common in patients after ante- 
rior infarction,’ !? and therefore isolated right ven- 
tricular dysfunction is far less likely to occur in this 
group. 

Figures 2 and 5 show the relations between left 
and right ventricular ejection fractions in both 
groups. In patients with anterior infarction there is 
an impressive linear relation between right and left 
ventricular function. There are two possible expla- 
nations: firstly, that a large anterior infarction causes 
greater left ventricular ejection dysfunction, 
involves more of the interventricular septum, and 
therefore causes greater disturbance in right ven- 
tricular function; or alternatively, that a large ante- 
rior infarction produces a greater reduction in left 
ventricular ejection fraction, a greater increase in left 
ventricular diastolic filling pressure, and hence an 
increase in pulmonary arterial pressures and right 
ventricular afterload. The occurrence of regional 
rather than diffuse septal abnormalities of the right 
ventricle after anterior infarction tends to favour the 
former explanation. 

In the group with inferior infarction there was no 
such relation between right and left ventricular ejec- 
tion fractions. This is as expected since involvernent 
of the free wall of the right ventricle may occur in the 
absence of a large inferior infarction,! and this was 
confirmed by the regional images. These data are 
similar to those of Marmor et al who also found a 
linear relation between right and left ventricular 
ejection fractions in patients with anterior infarction 
and no relation in those with inferior infarction. The 
equilibrium gated technique was used and they were 
less able to examine regional right ventricular per- 
formance, but right ventricular ejection fraction 
depression was related to the extent of septal 
involvement in anterior infarction." 

We studied only a small number of patients and 
thus our results must be interpreted with some care; 
however, there do appear to be significant 
differences between the two groups. The limitations 
of a static rather than mobile camera meant that only 
patients fit enough to be moved to the camera could 
be imaged. Thus while 85% of patients were imaged 
within one week of their myocardial infarction, 
imaging with a mobile gamma camera early after 
admission, that is, within 24 hours, might have pro- 
duced different results. Steele etal initially imaged 
patients within 24 hours,!? and Marmor et al within 
48 hours of the onset of chest pain.’ Since both of 


these studies suggested some improvement of right _ 
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ventricular function with time, the present study 
may well underestimate the frequency of right ven- 
tricular dysfunction since no patient was imaged 
within two days of infarction. Development of 
mobile multicrystal cameras and single crystal cam- 
eras capable of performing first pass studies?’ will 
allow assessment in the coronary care unit. To date 
only three patients have proceeded to coronary 
angiography. It is therefore not yet possible to com- 
ment on the relation between global and regional 
right ventricular dysfunction and coronary anatomy. 

We used the right anterior oblique projection for 
these studies. This is the ideal projection for the 
assessment of the right ventricle since right atrial 
overlap is minimised.?^ While it can be argued that 
the left anterior oblique projection provides the best 
separation of the right ventricular free wall and sep- 
tal wall, this projection leads to maximal right atrial 
overlap of the right ventricle. Although the use- 
fulness of regional wall motion images has been 
questioned, this study does suggest that information 
can be obtained on regional right ventricular dys- 
function by this method. 

There data confirm that right ventricular dys- 
function is common in patients in the acute phase of 
myocardial infarction. They suggest an explanation 
for the predominance of patients with inferior 
infarction in studies of dominant" right ventricular 
dysfunction. They also suggest that septal con- 
tribution to right ventricular contraction is far from 
negligible and they provide an explanation for the 
apparently minimal effects of isolated destruction of 
the right ventricular free wall in laboratory ani- 
mals.?5 26 Because appropriate treatment for cardio- 
genic shock secondary to right ventricular dys- 
function is most effective?" the ability to assess 
non-invasively global and regional right ventricular 
function in patients after myocardial infarction may 
prove important in the management of these 
patients. 
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Coronary sinus pH during percutaneous transluminal 
coronary angioplasty: early development of acidosis 
during myocardial ischaemia in man 
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SUMMARY Coronary sinus pH was measured continuously in eight patients undergoing angio- 
plasty to the left anterior.descending coronary artery. A catheter tip pH.sensitive electrode with 
a response time of less than 300 ms and an output 257 mV/pH unit was placed high in the 
coronary sinus. Recordings were obtained during a total of 24 balloon occlusions of the left 
anterior descending coronary artery varying in duration from 5 to 45 s. Continuous 12 lead surface 
electrocardiograms were recorded. During or after balloon inflation of x 12.5 (n = 4) there was no 
change in coronary sinus pH or the electrocardiogram. During balloon inflation of > 15s (n = 20) 
coronary sinus pH was unaltered but between 4 and 6s after balloon deflation coronary sinus pH 
fell transiently by between 0:010 and 0-120 pH units before returning to the control value within 
65s.-Ischaemic changes -were seen on -the electrocardiogram during 15 balloon occlusions. In 
individual patients the peak fall in coronary sinus pH was related to the duration of occlusion of 
the left anterior descending coronary artery. À rise in coronary sinus pH (alkalosis) was never seen. 

In man acidosis occurs in the myocardium after short periods (> 12 s) of ischaemia. The fall of 
pH precedes ischaemic changes on the surface electrocardiogram and occurs concurrently with 


the earliest reported changes in contractile function. 


The cause of the early decline in contractile function 
during myocardial ischaemia is not well understood 
but is almost certainly multifactorial.! Although the 
tissue content? of high energy phosphates, in partic- 
ular creatine phosphate, is reduced, the magninide of 
the fall in the free energy change of ATP hydrolysis 
is insufficient to depress contractility until several 
minutes of ischaemia have elapsed.) Alternative 
mechanisms have been proposed and some ofthese 
relate not to the lack of oxygen and substrate supply 
that occurs during ischaemia but to the retention of 
the products of metabolism, notably phosphate" § 
end hydrogen ions (acidosis)." ^? 

Acidosis is known to depress the contractile func- 
tion of the heart!? ^ !? and has been put forward as a 
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mechanism for the loss of function early after the 
onset of myocardial ischaemia."? This hypothesis 
has been disputed}? !^ partly because the mechanism 
for the occurrence of an acidosis is uncertain and 
partly because of difficulties in quantifying the sever- 
ity and rate of onset of acidosis in ischaemia. Under 
some experimental conditions acidosis and con- 
tractile failure were dissociated.!?!* Early during 
hypoxia and ischaemia an alkalosis was 
reported.!5 16 If the retention of hydrogen ions and 
subsequent intracellular acidosis is an important 
cause of contractile dysfunction, then it is necessary 
to show that the acidosis is both sufficiently large and 
rapid in onset to account for at least part of the carly 
decline in contractility. 

Percutaneous transluminal coronary angioplasty 
provides a unique opportunity to study the early 
jonic changes during myocardial ischaemia in man 
and thus allow a comparison with results previously 
obtained during transient coronary occlusion in ani- 
mals. This study was designed to determine the time 
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-of onset and severity of acidosis in the human myo- 

cardium during acute myocardial ischaemia. We 
have continuously measured changes in coronary 
sinus pH during repeated episodes of balloon 
occlusion of the left anterior descending coronary 
artery using rapidly responding pH sensitive elec- 
trodes. 


Patients and methods 


We studied eight patients (5 men, 3 women; aged 
44-71, mean 53 years) with effort related angina pec- 
toris who were already scheduled for routine per- 
cutaneous transluminal coronary angioplasty of the 
left anterior descending coronary artery. Patients 
with a recent myocardial infarction or chest pain at 
rest were excluded. All patients developed chest pain 
and significant ST segment depression (> 1 mm pla- 
nar or downsloping 80 ms after the J point) during 
treadmill exercise by a modified Bruce protocol. All 
were in sinus rhythm with no conduction abnormal- 
ities or evidence of other cardiac abnormality apart 
from ischaemic heart disease. No -patients were 
taking digoxin or antiarrhythmic medication. All 
patients were receiving nifedipine 10 mg three times 
daily but no other antianginal medication had been 
prescribed for at least 24 hours. Five patients had left 
anterior descending coronary artery disease only, 
one had additional left circumflex disease, and two 
had three vessel disease. Written informed consent 
was obtained in all cases and the study was approved 
by the ethics committee of the National Heart and 
Chest Hospitals. 


pH ELECTRODES 

Intravascular pH monitoring at any site other than a 
peripheral vein or artery requires an electrode at the 
tip of a flexible catheter which can be inserted into a 
vessel and left in situ. The construction and use of 
pH! and potassium!? sensitive electrodes suitable 
for intravascular recording have been described. The 
pH sensitive ligand tridodecyclamine (Fluka AG, 
Switzerland) was used in these experiments rather 
than OCPH (p-octydecyloxy  m-chlorophenyl 
hydrazone mesoxalonitrile), which was used in our 
earlier studies.!? !??? The electrode was inserted 
through a standard cardiac catheter (8 French thin- 
walled Cournand, USCI, USA). At the proximal 
end the electrode passed through a sliding adapter 
with a side arm (SFLL PCF MLL RA45°, Cook, 
UR). The space in the catheter around the electrode 
was filled with a heparinised saline solution and a 
calomel reference electrode (K4112, Radiometer, 
Sweden) was connected through a T-piece to the 
side arm of the adapter. The column of saline sur- 
rounding the pH electrode within the cardiac cath- 
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eter thus acted as a-salt bridge to connect the 
reference electrode to the bloodstream and it also 
provided coaxial electrical screening for the pH elec- 
trode. 

The potential difference between the silver/silver 
chloride wire within the pH electrode arid the cal- 
omel electrode was measured by a high impedance 
input amplifier (LF 352D National Semiconductor, 
Japan). The signal was passed through an optical 
isolator (3650 HG Burr Brown, Arizona, USA), to 
prevent leakage currents running to earth through 
the intravascular electrode, and through a 2 Hz filter. 
It was displayed on a pen recorder and recorded on 
magnetic tape. 

The membrane resistance was 10°Q. The pH 
response of the electrodes was linear between pH 6:5 
and 8-0 and the output at 37°C was between 57 and 
59 mV/pH unit. The response time was less than 300 
ms. The electrode was unresponsive to flow, blood 
pressure, Po,, or osmolality (100-400 mmol/l). 
There was no cross sensitivity to Na* (100-200 
mmol/l), K* (0-10 mmol/I), Ca? * (0-10 mmol/L), or 
Mg?* (0-10 mmol/I). It was not affected by changing 
the bicarbonate concentration (10-50 mmol/l) or 
carbon dioxide tension (20-100 mm Hg) at constant 
pH. The electrode stabilised in vivo in less than 15 
minutes, and thereafter the drift was less than 0-005 
pH units/hour. The electrode could detect changes 
as small as 0-005 pH units. 

The electrodes were sterilised by immersion in an 
aqueous glutaraldehyde solution for one hour. The 
function of the electrodes was not affected by this 
process. Electrodes were calibrated before and after 
the entire procedure. Results were only accepted if 
there was no change in calibration. This procedure 
lead to the rejection of results in only one patient. 
Blood samples were obtained for determination of 
the absolute value of pH from the coronary sinus 
before insertion of the electrode into the catheter and 
at the end of the procedure. 


STUDY PROTOCOL 
One hour after premedication with lorazepam (1—2 
mg orally) the Cournand catheter was inserted into 
the left subclavian vein and positioned in the coro- 
nary sinus just proximal to the great cardiac vein. 
The position was checked by the injection of contrast 
medium (Omnipaque 300, Nycomed (UK)). A pH 
electrode was introduced through the lumen of this 
catheter until the tip protruded 1 cm from the end of 
the catheter. The output from the electrode was 
allowed to stabilise for at least 20 minutes before 
angioplasty. pH was recorded continuously together 
with a standard 12 lead electrocardiogram until the 
end of the procedure. 

Percutaneous transluminal angioplasty was per- 
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formed from the right femoral artery with coronary 
guiding catheters and Simpson-Roberts coronary 
balloon dilatation catheters from Advanced Cardio- 
vascular Systems Inc., California, USA. The num- 
ber of balloon inflations required to dilate the vessel 
varied between 2 and 5 (mean (SEM) 3-0(0°5)). 
Inflation lasted from 8 to 45 s (mean (SEM) 
24-8 (2-8) s). Clinical considerations alone deter- 
mined the number and duration of balloon inflations. 


Results 


pH CHANGES IN BLOOD FROM THE CORONARY 
SINUS 

Figure 1 shows a recording of changes in coronary 
sinus pH during three successive balloon inflations. 
No change in coronary sinus pH was seen during the 
period of occlusion of the anterior descending coro- 
nary artery by the inflated balloon. When blood flow 
was restored by deflation of the balloon there was a 
transient fall in coronary sinus pH after a delay of 
4—6 s. In one coronary occlusion (the second inflation 
in fig 1), where balloon inflation was initiated before 
the signal had returned to the baseline, the blood pH 
continued to return to the baseline during the early 
part of the inflation, indicating that some blood flow 
was present in the great cardiac vein during the 
period that the left anterior descending coronary 
artery was occluded (fig 1). 

'The peak pH change in an individual patient was 
related to the duration of coronary artery occlusion 
(fig 2). Four patients had an episode of coronary 
artery occlusion lasting « 12 s. Coronary sinus blood 
pH did not fall after these short episodes of coronary 
artery occlusion (fig 3). pH fell after all other epi- 
sodes (all 2:15 s) of occlusion (fig 3). The maximum 
change in coronary sinus blood pH was 0-120 pH 
units. Coronary sinus pH returned to control values 
within 65 s. The fall in pH seen in the eight patients 
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was wide (fig 3). No rise of pH (alkalosis) was 
observed after any episode of coronary artery 
occlusion. A small (0-020 pH units) transient fall in 
pH was seen after injection of contrast medium 
(Omnipaque 300, Nycomed (UK) (pH 7-2)) into the 
left coronary artery (fig 1). 


ELECTROCARDIOGRAPHIC CHANGES 

ST segment elevation was > 1 mm in at least one 
precordial lead during 15 balloon inflations, all last- 
ing more than 20 s (fig 3). Ischaemic electro- 
cardiographic changes did not occur during the four 
balloon infiations lasting «12 s after which no pH 
change occurred. Five balloon occlusions of the 
coronary artery which were followed by a fall in 
coronary sinus pH were not accompanied by electro- 
cardiographic changes. Heart rate did not change 
significantly from the control value during or after 
occlusion of the vessel. 


Discussion 


Percutaneous transluminal coronary angioplasty 
provides the opportunity to study the early meta- 
bolic and physiological effects of coronary occlusion 
in man. The results of this study show that in the 
human myocardium acidosis develops after 12 to 
15 s of coronary occlusion. Measurements were 
made with fast responding catheter tip pH electrodes 
which would detect changes of pH that might be 
missed by conventional sampling techniques. The 
electrode is stable, can detect pH changes of less than 
0-005 pH units, and is free from cross sensitivity to 
other ions. 

The pH of coronary sinus blood did not change 
during coronary occlusion. The concentration of 
hydrogen ions in the coronary sinus blood rose tran- 
siently when the blood flow was restored. This is 
attributable to washout of hydrogen ions generated 





Continuous recording of coronary sinus pH during three consecutive balloon occlusions of the left 


anterior descending coronary artery and one injection of contrast tnto tke left coronary artery. Coronary 
sinus pH did not fall during balloon mflation but fell transiently 4 to 6 s after balloon deflation. Passage of 
contrast medium through the coronary circulation caused an abrupt transient fall in pH. 


Coronary sinus pH during percutaneous transluminal coronary angioplasty 
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Fig 2 Relation between the peak fall in coronary nnus pH 
and the duration of balloon occlusion of the left anterior 
descending coronary artery in one patient 


within the ischaemic tissue. Reduced arterial flow in 
the ischaemic area causes the retention of the end 
products of anaerobic metabolism in the tissue and 
such metabolites are removed from the myocardium 
when flow is restored. The small quantity of metab- 
olites that might diffuse out from the edge of the 
ischaemic tissue during the period of ischaemia will 
be diluted by the coronary venous effluent from non- 
ischaemic myocardium, and the magnitude of any 
such change must either be too small to be detected 
or must be absent. The catheter was placed high in 
the coronary sinus so as to sense blood from the area 
of myocardium subserved by the occluded anterior 
descending coronary artery. Figure 1 shows there 
can be residual flow in the distal great cardiac vein 
during occlusion of the left anterior descending 
coronary artery; on the second inflation (initiated 
before the signal had returned to baseline) blood pH 
continued to return to the baseline value during the 
early part of the occlusion. The mechanism under- 
lying this is unclear but it is probably related to 
hydrogen ions being washed out of the local coronary 
veins and great cardiac vein by blood flowing into 
them from the non-ischaemic area. It is unlikely to 
be due to a flow of blood from the ischaemic area, 
otherwise we would have observed a fall in pH dur- 
ing the latter part of balloon inflation. 

After deflation of the balloon and hence restora- 
tion of blood flow, the coronary sinus pH fell after a 
delay of 4-6 s. The delay is due partly to the time 
required for collapse of the balloon and partly to the 
time taken by the hydrogen ions to diffuse from the 
intracellular and extracellular spaces into the blood 
and for the blood to reach the pH electrode. A similar 
delay has been reported in the dog.'? Consistent 
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with our findings others have reported a rise in the 
concentration of lactate in coronary sinus on balloon 
deflation after angioplasty.2° Heart rate did not 
change during balloon inflation, so the observed 
change in pH was due to myocardial ischaemia 
induced by coronary artery occlusion and was not 
the result of an increase in heart rate causing 
ischaemia. Previous work has shown that ischaemia 
caused by atrial pacing in man is associated with a 
minor degree of acidosis during the pacing test and 
a washout of hydrogen ions immediately the test is 
stopped.?! 

'The implications of these results depend on the 
validity of coronary sinus pH as an indirect indicator 
of changes in intracellular pH. We have continuously 
measured coronary sinus pH in this study and this 
avoids the errors that are introduced by sampling 
techniques. The time at which blood samples are 
taken after balloon deflation will have a profound 
effect on the magnitude of the pH changes, as fig 1 
shows. Earlier studies have used changes in coronary 
sinus lactate as a marker of ischaemia but, unlike pH, 
lactate cannot be measured continuously and so is 
subject to the considerable errors that sampling 
introduces. It is not possible, without continuous 
measurement of regional coronary flow and coronary 
sinus blood flow and knowledge of the degree of 
mixing of blood from ischaemic myocardium with 
that from non-ischaemic myocardium, to calculate 
the precise quantity of hydrogen ions lost from a 
given amount of ischaemic myocardial tissue. These 
variables were not measured in this study. Blood in 
the coronary sinus will be subject to some dilution of 
hydrogen ions because blood from the ischaemic area 
will have mixed with that from the non-ischaemic 
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Fig 3 Peak coronary simus pH changes after all balloon 
occlusions of the left anterior descending coronary artery No 
change 1n pH occurred after balloon occlusion of « 12 s. 


114 


area, and any measured change in blood pH will 
necessarily be smaller than that present in the extrac- 
ellular space of the ischaemie. myocardium: We 
attempted to minimise these effects by placing the 
electrode high in the coronary sinus just proximal to 
the great cardiac vein. Furthermore, hydrogen ions 
are buffered by tissue buffer systems and by blood. 

The magnitude of the pH changes that we have 
observed varied widely between patients. This can 
be explained in terms of the extent and severity of 
myocardial ischaemia and the magnitude of the col- 
lateral flow and flow through the reperfused native 
circulation. In individual patients the magnitude of 
the fall in coronary sinus pH was related to the 
duration of ischaemia (fig 2). The observed fall of pH 
in blood in the coronary sinus is-likely to indicate the 
minimum change of intracellular pH. Cobbe et al 
have shown that in the dog the maximum fall of 
coronary sinus pH occurred 20 to 30 s after reper- 
fusion and. approximated to the maximum fall of 
tissue pH which also occurred 20—30 s after reper- 
fusion. 1° 

Our findings are consistent with those in animal 
experiments. Studies in dogs have shown that a fall 
in the pH of coronary sinus blood falls after coronary 
occlusions lasting >20 s.!? Other workers using 
intracellular dyes?^? and rapidly responding extra- 
cellular pH electrodes? have reported a fall in pH 
within 5:s. 

An important question is whether the changes in 
pH are large enough to cause contractile dys- 
function. Cobbe and Poole-Wilson found that in the 
rabbit heart a fall in tissue.pH.of 0-03 units could 
contribute to a substantial fall (7 3095) in muscle 
tension.? The changes in coronary sinus pH in the 
present study (fig 3) ranged from 0-015 to 0-075 pH 
units after balloon occlusions. of between 17. and 
20 s and from 0-025 to 0:120 pH units after balloon 
occlusions of between 25 and 45 s. If we assume that 
the peak fall in coronary sinus pH is similar to the 
peak fall in tissue pH,!? then the magnitude of the 
fall in pH. would be sufficient to cause important 
contractile dysfunction.! ? 8? 12 

Ventricular function has previously been assessed 
during coronary angioplasty.?!?? After coronary 
occlusion the myocardium contracts normally for at 
least four beats. There is sufficient oxygen in the 
blood and myoglobin to provide the energy for at 
least two beats and after this anaerobic metabolism is 
stimulated. Impaired contractility can be detected 
between the fifth and twentieth beat. The exact time 
of these changes will vary from patient to patient and 
will depend on many factors. The duration of the 
monophasic action potential in man has also been 
reported to change after about 10 beats.?* We have 
already shown that potassium is lost from the myo- 
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cardium after approximately 12 beats.!? Thus acid- 
osis and potassium loss in man appear at the same 
time as the earliest changes in the configuration of 
the action potential and in contractile function. 

The mechanism for the development of an acidosis 
is complex. The conversion of creatine phosphate to 
creatine consumes hydrogen ions and would be 
expected to cause an alkalosis. Under some experi- 
mental conditions this has been reported.!? 16 The 
breakdown of adenosine triphosphate (ATP) gener- 
ates hydrogen ions but ATP is not greatly reduced 
early in ischaemia? ? The major mechanism for the 
early appearance of acidosis is stimulation of gly- 
cogenolysis.?* 

These studies show that in the human heart acid- 
osis develops early after the onset of ischaemia and is 
of sufficient magnitude to contribute to the decline of 
contractility. 


We are indebted to the British Heart Foundation for 
their support. 
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Observations on the warm up phenomenon in angina 
pectoris 


M JOY, A W CAIRNS, D SPRIGINGS 
From St Peter's Hospital, Chertsey, Surrey 


SUMMARY Adaptation to exercise was investigated in 14 men aged 34—69 years (mean 51) with 
stable exertional angina caused by occlusive coronary artery disease. All underwent exercise 
electrocardiography to symptom limitation according to the Bruce protocol (first effort), and 
exercise to the onset of angina (warm up) followed by four minutes’ rest, followed by exercise to 
symptom limitation (second effort). This protocol was repeated after sequential treatment for one 
month each with nifedipine 10 mg three times a day and with timolol 10 mg twice a day. Warm 
up significantly increased walking time to the onset of angina by 34:5% and to maximal exercise 
by 29-595. The heart rate and rate-pressure product were significantly higher on second effort 
both at the onset of angina (by 7-0% and 11-1% respectively) and at maximal exercise (by 10:5% 
and 15:4% respectively). ST segment displacement was not significantly different after warm up. 
The effect of warm up on walking time to the onset of angina was markedly reduced after treat- 
ment with nifedipine but little influenced by timolol. Mean (SE) walking time after warm up on 
no treatment was 10-1 (0-7) min; after treatment with nifedipine it was 10:0 (0-6) min and after 
treatment with timolol it was 9-7 (0-4) min. 

These data demonstrate a substantial improvement in exercise performance after warm up and 
are consistent with the hypothesis that submaximal exercise in angina pectoris facilitates myo- 


cardial oxygen uptake by coronary vasodilatation. 


Heberden first described the loss of symptoms with 
continued exercise in a patient experiencing angina.? 
It has been variously described; by Osler as “‘walk- 
ing through"? and by Wenckebach as the “second 
wind".* Gallavardin recorded the “warming up” 
effect of previous exercise in angina pectoris? and 
Price described the phenomenon as "first effort 
angina". Gallavardin claimed it was not an uncom- 
mon phenomenon? but others have been unable to 
demonstrate it." Wayne and Gaybriel described two 
patients whose exercise performance was enhanced 
when they re-exercised between five and 30 minutes 
after an attack of angina, the effect being lost when 
the interval was one hour.) Exercise performance 
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was reduced when the patient re-exercised within 
two minutes of-having symptoms. 

Although the effects of physical training on exer- 
cise performance in angina pectoris have received 
attention? ^ studies of short term adaptation to 
exercise are limited.? !! !? 


Patients and methods 


PATIENTS 

We studied 14 white men aged 34—68 (mean 51) with 
a 26 month history of stable exertional angina. 
Al | were normotensive (blood pressure 
< 160/95 mm Hg), and had no past history of myo- 
cardial infarction and no evidence of valvar heart 
disease. They also had a normal chest radiograph 
and resting electrocardiograph, but planar or down- 
sloping ST segment depression of 21mm devel- 
oped when they exercised according to the Bruce 
treadmill protocol. In all of them characteristic 
defects of thallium-201 myocardial imaging devel- 
oped during exercise and coronary artery disease 
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was confirmed by arteriography. Informed -signed 
consent was obtained from all participants: The 
investigation had the approval of the hospital ethics 
committee. 


METHODS 

All patients performed the following tests on 
different days in random order while on no treat- 
ment (the Bruce treadmill protocol was used): (a) 
maximal exercise electrocardiography (first effort); 
(b) exercise to the onset of angina (warm up) fol- 
lowed by four minutes' rest followed by maximal 
exercise (second effort). The walking time to the 
onset of angina and to maximal exercise were 
recorded, together with heart rate (from the electro- 
cardiograph) and systolic blood pressure (obtained 
with a sphygmomanometer). 

After an interval of 2-4 weeks all patients were 
randomised into one of two groups; the first was 
treated with timolol 10mg twice a day and the sec- 
ond with nifedipine 10 mg three times a day. The 
two exercise protocols were repeated after four 
weeks and the patients crossed over; the protocol 
was repeated at the end of a further four weeks. Nif- 
edipine was given 30 minutes before exercise and 
timolol 60 minutes beforehand. Patients could take 
sublingual glyceryl trinitrate for symptomatic relief 
during the period of the study but not on the day of 
investigation. No other medication was taken. All 
recordings were made at the same time of day to 
exclude any possible circadian influence.'? The 
mean (SD) temperature of the exercise laboratory 
was maintained at 20 (1)°C. 

Exercise electrocardiography was performed on 
an Avionics A10 treadmill in conjunction with an 
Avionics 3000 three channel oscillographic monitor. 
Leads CM4, CM5, and CM6 were recorded for 
5—10 seconds at rest, after each minute of exercise, at 
the end of exercise, and for each of 10 minutes of 
recovery. The treadmill and chart speeds were regu- 
larly checked and the recording apparatus was opti- 
mally damped. ST segment displacement 60ms 
after the nadir of the S wave was computed and 
checked against the chart; the lead showing the 
greatest displacement at maximal exercise was cho- 
sen. We calculated the product of heart rate and sys- 
tolic blood pressure. 

' We calculated the means and standard errors of 
the paired observations (on first and second efforts) 
and tested their difference from zero by Student's 
paired t test. 


Results 


AJl 14 men had important coronary artery. disease . 


(defined as a stenosis > 50% in the left main artery 
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or >70% in other major arteries). Ten subsequently 
underwent coronary artery bypass grafting. Left 
ventricular end diastolic pressure was normal in all 
but three in whom it was slightly raised 
(«18mm Hg). Regional hypokinesis was commonly 
found on left ventricular angiography but none of 
the patients showed more severe wall motion abnor- 
malities. 


PATIENTS NOT ON DRUG TREATMENT 

Figs 1 and 2 show the mean walking times and the 
effect of warm up both on the onset of angina and 
maximal exercise. Walking time to the onset of 
angina was improved by 34:5% (p < 0 001) and to 
maximal exercise by 29-5% (p « 0-001). Figs 3 and 
4 show the effect of warm up on the heart rate at the 
onset of angina and at maximal exercise. After warm 
up the heart rate at the onset of angina was increased 
by 7-095 (p « 0-01) and at maximal exercise by 
10:5% (p < 0-01) Similarly, the rate-pressure 
product at the onset of angina and at maximal exer- 
cise was improved after warm up by 11:1% (p < 
0 01) and 15:494 (p < 0-02) respectively (figs 5 and 
6). ST segment displacements were not significantly 
different at the onset of angina before and after 
warm up (p > 0-05) or at maximal exercise before 
and after warm up (p > 0-05). There was no 
significant difference between the heart rate or rate- 
pressure product at the onset of angina on first effort 
and at the same walking time on second effort (p > 
0-47, p > 0-15) (figs 7 and 8). In contrast, both the 
heart rate and rate-pressure product were higher 
(p « 0:025; p « 0 05) on second effort at the walk- 
ing time of maximal exercise than on first effort (figs 
7 and 8). ST segment depression was less on second 


3 p«0.01 


p<0-001 A » 
t 
z6 / 
= Á 
3 No treatment Nifedipine Timotot 
Figl Walking time to the onset of angina on first and 


second efforts- (left and right hand data points respectively) 
on no treatment and after treatment for one month with 
nifedipine 10 mg three times a day and with timolol 10 mg 


. twice a.day..In this and subsequent figures the data points are 


group mean values and the vertical bars are 1 SE. 
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Fig2 Maximal walking time on first and second efforts on 
no treatment (left and right hand data pomts respectively) 
and on second effort after treatment with mfedipine and with 
timolol. 


effort both at the point of onset of angina and at the 
walking time of maximal exercise on first effort (p < 
0-025; p < 0-01) (fig 9). 


EFFECT OF NIFEDIPINE 

Treatment with nifedipine increased the mean walk- 
ing time to the onset of angina on first effort -by 
40:695 (p < 0:01) (fig1). Warm up increased the 
walking time to the onset of angina by a further 
40% (p < 0-05). The heart rate and rate-pressure 
product at the onset of angina increased by 2:4% 
and 4-094 respectively (p < 0:01, p < 0-025) (figs 3 
and 5). On second effort, maximal walking time, 
heart rate, rate-pressure product, and ST segment 
depression did not differ significantly from values 
seen on no treatment after warm up (p > 0:40, p > 
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Fig3 Heart rate at the onset of angina on first and second 
efforts (left and right hand data points respectively) on no 
treatment and after treatment with mfedipine and with 
timolol. 


Joy, Cairns, Sprigings 


p<0-01 NS 


E 


p<0-001 


Heart rate (beats/min) 
on 
xv 


g 


No treatment Nifedipine Timolol 


Fig4 Heart rate at maximal exercise on first and second 
efforts on no treatment (left and right hand data points 
respectively) and on second effort after treatment with 
nifedipine and with timolol. 


0-15, p > 0-15, and p > 0-05 respectively) (figs 2, 4, 
and 6). 


EFFECT OF TIMOLOE 

As would be expected, timolol reduced the heart rate 
and rate-pressure product both on first and second 
efforts (figs 3 to 6). Treatment with timolol 
increased the walking time to the onset.of angina on 
first effort by 46-995 (p < 0-001) (fig 1). Warm up 
further increased the walking time to the onset of 
angina by 14-795 (p < 0-01). The heart rate and 
rate-pressure product at the onset of angina were 
increased by 5:5% and 10-094 respectively on sec- 
ond effort (p « 0-01; p « 0-005) (figs 3 and 5). How- 
ever, maximal walking time on second effort was not 
significantly different from that achieved on no 
treatment (p > 0-20) (fig2). On second effort the 
heart rate and rate-pressure product at maximal 
exercise were significantly lower on timolol than on 
no treatment ( p < 0-001; p « 0-001) (figs 4 and 6). 
There was also less ST segment displacement than 
on no treatment (p < 0-01) (fig 9). 
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Fig5  Rate-pressure product (mm Hg x beats/min) at the 
onset of angina on first and second efforts (left and right hand 
data points respectively) on no treatment and after treatment 
with mfedipme and with timolol. 
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Fig6 Rate-pressure product (mm Hg x beats/min) at 
maximal exercise on first and second efforts on no treatment 
(left and right hand data points respectively) and on second 
effort after treatment with nifedipine and uth timolol. 


Discussion 


In previous studies of patients with stable exertional 
angina performance did not improve on repeated 
exercise testing after 10 to 15 minutes’ recov- 
ery,1*^!8 and a pause of 1-2 minutes also had no 
beneficial effect." By contrast, in our subjects walk- 
ing time was substantially improved when a first 
effort to the point of angina was followed by four 
minutes’ recovery. Heart rates and rate-pressure 
products were also higher on second effort, sug- 
gesting increased myocardial oxygen con- 
sumption. As the degree of ST segment 
depression was not significantly different, either at 
the point of angina or on maximal exercise before or 
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Fig7 The heart rate on no treatment at the threshold for 
angtna at first effort was similar to the heart rate at the same 
walking time on second effort (p > 0-47). The heart rate 
was significantly increased on second effort at the maximum 
walking time achieved during first effort (p < 0-025). 
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Fig8  Therate-pressure product (mm Hg x beats/min) on 
no treatment at the threshold for angina on first effort was 
similar to the product at the same walking time on second 
effort (p > 0 15). On second effort the rate-pressure product 
at the maximum walking time achieved during the first effort 
was increased (p < 0-05). 


after warm up, it may be inferred that the increase in 
heart work was not accompanied by increased myo- 
cardial ischaemia.!* Coronary blood flow is closely 
related to myocardial oxygen demand!5 and coro- 
nary reserve is progressively diminished by stenosis 
of a major coronary vessel.!? Slight variation in the 
calibre of a stenosed vessel has a major effect on 
blood flow?? and may explain the variable exercise 
performance of patients with vasospastic angina.?! 
À metabolically mediated vasodilatation of stenosed 
epicardial arteries could provide one explanation for 
our observations. 

Nifedipine largely abolished the effect of warm 
up, and walking time to angina on second effort was 
increased by only 4%. Yet at maximal walking time, 
heart rate and rate-pressure product were not 
significantly «different from those achieved without 
medication after warm up; the favourable action of 
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Fig9 ST segment depression (mm) on no treatment at the 
threshold for angina on first effort was greater than at the 
same walking time on second effort (p < 0-025). ST segment 
depression at maximal exercise on first effort was also greater 
than that at the same walking time on second effort 

(p < 001). 
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nifedipine and the warm up effect may thus share a 
common mechanism. The pharmacodynamic effects 
of nifedipine are several and their net hae- 
modynamic result is modified by peripheral circu- 
latory reflex activity. Systemic administration of 
nifedipine at rest leads to a fall in total peripheral 
resistance and in coronary vascular resistance, with 
an increase in coronary blood flow. The reduction in 
afterload is to some extent buffered by reflex tachy- 
cardia and peripheral vasoconstriction.?? Early exer- 
cise data suggested that nifedipine enhanced 
exercise capacity by a relative reduction in myo- 
cardial oxygen uptake (expressed by a lack of 
increase in the double product with increased per- 
formance) rather than by an increase (which would 
have been expressed by an increase in the double 
product)? After warm up, however, we found an 
increase in the double product in patients on nif- 
edipine. Other investigators have suggested that the 
most important net effects include a decrease in 
coronary vascular resistance,?* a reduction in the 
arteriocoronary sinus oxygen difference,^? and an 
increase in coronary blood flow.?9 Nifedipine does 
not alter the filling pressure in normal left ventricu- 
lar function.?? 

Reduction of myocardial oxygen demand is the 
major antianginal effect of P adrenoceptor blocking 
agents, including timolol.?5?? As such agents may 
increase « mediated vasoconstriction of coronary 
vessels,°° coronary vasodilatation, by whatever 
means, should enhance exercise performance. Our 
results accord with this: the warm up effect was not 
attenuated in subjects on timolol and walking time to 
the onset of angina on second effort was increased by 
15%. Had a reduction in preload, afterload, or both 
been the explanation for the enhanced walking time 
in our patients after warm up, then the rate-pressure 
product (reflecting myocardial oxygen uptake) 
should not have increased significantly. 

There has been some speculation about the possi- 
ble mechanisms of the warm up effect. ?! 5? There 
is a near constant rate-pressure product at the 
threshold of angina!*???* and variation in symp- 
toms may be accounted for by variation in the circu- 
latory responses.!^ Robinson, however, did not 
observe a warm up effect, possibly because his pro- 
tocol allowed 10 to 15 minutes’ recovery between 
exercise trips,!* Although we did not investigate this 
point systematically, it seems likely that the warm 
up effect is of short duration only. We chose a four 
minute recovery period for our protocol because it 
reflected the patients’ experience. 

Other determinants of myocardial oxygen con- 
sumption need to be considered in the context of the 
warm up effect. A reduction in wall tension due to 
reduced left ventricular end diastolic pressure 
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caused by a fluid shift or vasodilatation may be a 
factor.?5 One study of supine bicycle exercise, how- 
ever, demonstrated that although left ventricular 
end diastolic pressure was reduced during a second 
period of exercise 25 minutes after exercising to 
angina, mean values for exercise time, rdte-pressure 
product, and ST segment depression at the onset of 
angina were not significantly different.?ó Our data 
do not exclude a contribution to the effect by this 
mechanism. 

A recent study of patients with exertional angina 
who had isolated disease of the left anterior 
descending coronary artery showed that myocardial 
ischaemia was less during the second of two identical 
periods of pacing stress separated by 5-15 
minutes." Peak coronary flow, however, was not 
significantly different during the second period but 
regional myocardial oxygen consumption was 
reduced; the authors attributed this result to an 
ischaemic fall in contractility. Although this result 
does not support the suggestion that the warm up 
effect is due to coronary vasodilatation, it should be 
noted that their patients were not paced to a high 
rate-pressure product or to the same degree of 
ischaemia on the second occasion. 

The warm up effect may be demonstrated objec- 
tively in the exercise laboratory, although its exact 
time course has yet to be defined. Our observations 
seem to favour coronary vasodilatation as the mech- 
anism for this effect. It is not known whether a local 
metabolic, hormonal, or neurogenic pathway is 
responsible. The possibility of a contribution from a 
reflex reduction in afterload cannot, however, be 
discounted. Given the similarities between the warm 
up effect and treatment with nifedipine, it is note- 
worthy that nifedipine has been reported to be 
effective in relieving ischaemia only in myocardium 
supplied by a stenosed (but not occluded) vessel.?? 
The relation between the warm up effect and coro- 
nary anatomy remains to be established. 
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Felodipine in patients with chronic heart failure: 
discrepant haemodynamic and clinical effects 
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From the Department of Cardiovascular Medicine, University of Birmingham, East Birmingham Hospital, 
Birmingham 


SUMMARY Previous open studies have suggested that felodipine, a selective calcium antagonist 
and vasodilator, may be useful in the treatment of heart failure. A double blind placebo controlled 
crossover trial was therefore conducted to investigate the clinical and haemodynamic effects of 
felodipine in 15 patients with chronic ischaemic heart failure in New York Heart Association 
symptom class III. Felodipine significantly increased resting and exercise (25 W bicycle 
ergometry) cardiac output without producing concomitant changes in resting or exercise heart 
rate or right and left ventricular filling pressures. Felodipine did not significantly improve symp- 
tom scores or exercise capacity in the group as a whole. It also resulted in significant fluid 


retention as shown by a rise in ankle circumference, body weight, and a fall in haematocrit. 
Further research is required to elucidate the mechanism that is responsible for the discrepancy 
between the haemodynamic and clinical effects of felodipine in patients with moderately severe 


heart failure. 


The ability of peripheral vasodilators to improve 
cardiac performance in cardiac failure has been well 
documented. ^? This, together with the compelling 
theoretical reasons that support their use,* ^? 
implies that vasodilators are now accepted as a viable 
treatment option in the management of heart failure. 
Some vasodilators have also been shown to improve 
the functional status? ^ !? and prognosis’? of patients 
with heart failure. The calcium antagonists as a class 
of vasodilator, however, have not been widely 
accepted as a treatment option in heart failure 
largely because of their negative inotropic effects. 

Felodipine is a new calcium antagonist vasodilator 
with negligible negative inotropic properties.!* It 
has been shown in open studies to produce beneficial 
haemodynamic effects? !" and improvements in 
the functional capacity of patients in congestive 
heart failure.!? The aim of this study was to estab- 
lish whether these preliminary results were borne 
out in a double blind placebo controlled crossover 
trial. 
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Patients and methods 


PATIENT POPULATION 

We studied 15 patients (11 men and four women, 
mean age 61 years, range 50-69). They all had 
chronic heart failure in New York Heart Association 
functional class III and documented coronary artery 
disease and were in stable sinus rhythm. At entry 
their maximum exercise capacity was not greater 
than 90 W on a bicycle ergometer; the exercise work- 
load started at IO W -and increased by 10 W/min. 
The mean (SEM) maximum work performed was 
12:6 (1:6) kJ (equivalent to 5 9 (0-4) minutes of exer- 
cise). Their limiting symptoms were dyspnoea, leg . 
fatigue, or exhaustion. Mean (SEM) left ventricular 
ejection fraction as assessed by cross sectional echo- 
cardiography was 25(3)%. Throughout the study 
period diuretics and digoxin were the only other 
agents used to treat heart failure and the average 
(SEM) dose of frusemide taken by the patients was 
83(14)mg per day. The doses of digoxin and 
diuretics were kept constant throughout the study. 


STUDY DESIGN 

This study was a double blind crossover comparison 
of the effects of felodipine and placebo after three 
weeks’ treatment (fig 1). It consisted of a two week 
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Figl Study protocol. 


single blind placebo run in period that started after 
the patient was deemed to be suitable on grounds of 
clinical assessments, echocardiography, and exercise 
testing as outlined above. At the end of this period 
the patient was admitted-to hospital for basal 
clinical, echocardiographic, and exercise capacity 
assessments. -The patient was then randomised to 
treatment with either felodipine or placebo. The 
dose aimed for was two tablets twice daily of felo- 
dipine (equivalent to 10 mg twice a day) or placebo, 
but if this was not tolerated lower doses were given. 
After three weeks’ treatment the patient was read- 
mitted for clinical and non-invasive investigations as 
before, but this time invasive haemodynamic assess- 
ment was also performed. On completion of this 
assessment the patient was given placebo tablets for 
one week. At the end of this period the patient was 
readmitted for the same clinical and non-invasive 
assessment before entry into the second phase of the 
randomised crossover trial. Finally, at the end of this 
second three week period the patient was again 
admitted for repeat clinical and haemodynamic eval- 
uations. The assessments were performed at the 
same time of day and at the same time after tablet 
administration in each patient. All 15 patients com- 
pleted the study protocol except for one patient who 
refused the second right heart catheterisation. 

The protocol for this study was accepted by the 
United Kingdom Committee on Safety of Medi- 
cines under the Clinical Trial Exemption scheme. 
This study was also approved by the Hast 
Birmingham Hospital Ethical Subcommittee. 
Informed written consent was obtained from each 
patient. 


X X X X X X 
X X X 
X X X 
X X X 
X X X 
X X 

PROCEDURES 


Clinical assessments 

At each visit the patient was asked to assess progress 
from the previous visit using a scale of ] to 7 as an 
indication of subjective clinical score: (1) markedly 
worse, (2) moderately worse, (3) slightly worse, (4) 
unchanged, (5) slightly improved, (6) moderately 
improved, and (7) markedly improved. The baseline 
clinical score was taken to be 4, and at each sub- 
sequent visit the score increased or decreased in a 
cumulative fashion depending on the degree of 
changes from the previous visit. Any unwanted 
effects were recorded at the time of each clinical 
assessment. Ankle circumference, measured at 
10cm proximal to the medial maleolus, and body 
weight were also recorded at each visit. 


Exercise tests 

Maximal symptom limited exercise tests were per- 
formed on an upright bicycle ergometer by a proto- 
col which started at 10W and the workload was 
increased by 10 W/min. The patient's heart rate, 
blood pressure, and quantified symptom scores 
(dyspnoea, exhaustion, and/or muscle fatigue 
according to Borg’s scalel?) were recorded at the end 
of each workload. 


Haemodynamic measurements 

We used the electrocardiogram, thermodilution 
Swan-Ganz catheters, and arterial cannulas to mea- 
sure the following haemodynamic variables: heart 
rate (HR); right atrial (RAP), pulmonary arterial 
(PAP), and wedge (PAWP) pressures; systemic arte- 
tial pressures (AP); and cardiac output (CO, mea- 
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sured in triplicate). Baseline resting haemodynamic 
data were obtained at least 20 minutes after insertion 
of the catheters. Two control readings were taken 15 
munutes apart, and the haemodynamic state was con- 
sidered to be stable only if the values differed by less 
than 10%.?° No food or drink (except water) was 
given during the study period to avoid fluctuations 
in haemodynamic state of the patients.?^! The last 
dose of trial medication was taken at least 12 hours 
before the baseline haemodynamic measurements. 
The trial medication was given after recording the 
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resting data, and the haemodynamic response was 
recorded 30 to 90 minutes after ingestion. The 
patient was then transferred to a bicycle ergometer 
and the haemodynamic data were collected during 
exercise that started at 25 W for three minutes and 
increased in steps of 10 W every three minutes. 


Data analysis 

The following haemodynamic variables were calcu- 
lated: cardiac index (CI = CO/body surface area in 
1/min/m?); stroke volume index (SVI = CI/HR in 
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Fig2 Haemodynamic effects of felodipine versus placebo. (a) Heart rate, (b) MAP, mean systemic arterial pressure, (c) 
CI, cardiac index, (d) SVI, stroke volume index, (e) PAWP, pulmonary artery wedge pressure, (f) RAP, right atrial 
pressure, (g) SVR, systermc vascular resistance, (h) SWI, left ventricular stroke work index. C, control; D, after drug 
adminstration; Ex, during 25 W exercise. The bars denote SEM. *p < 0-05, **p < 0 01, ***p < 0-001. 
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ml/m?); left ventricular stroke work index (SWI = 
(MAP — PAWP) x SVI x 0-0136gm/m?); aye 
temic vascular resistance (SVR (MAP 
RAP)/CO x 80dynscm^?). 

We used the Wilcoxon matched-pair signed ranks 
test for statistical analysis. Differences were taken to 
be significant at p < 0-05. AH ee are expressed 
as mean (SEM). 


Results 


RESTING AND EXERCISE HAEMODYNAMIC 
FUNCTION 

'The haemodynamic effects of felodipine and placebo 
are compared in fig2 and table 1. The effect of 
felodipine on the heart rate was not significantly 
different from that of placebo, either at rest or dur- 
ing exercise at the same workload. The resting and 
exercise mean systemic arterial pressures were lower 
after felodipine than after placebo. The resting and 
exercise cardiac outputs were significantly greater 
with felodipine, and since there was no significant 
concomitant change in heart rate these increases 


Tablel Affects of felodipine versus placebo 
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were caused by felodipine induced increases in 
stroke volume. The pulmonary arterial wedge pres- 
sure and right atrial pressure were not significantly 
different after felodipine, either at rest or during 
exercise. The systemic vascular resistance was 
significantly lower after felodipine both at rest and 
during exercise. 


CLINICAL DATA 

The initial clinical score was taken to be 4 at the start 
of each treatment period. After the first week of 
treatment the score showed a tendency for symp- 
toms to become worse on both placebo (3-73 (0-21)) 
and felodipine (3-53 (0-27)). After three weeks, how- 
ever, the score reverted towards the control level on 
placebo treatment (3-93 (0-25)), but it tended to fall 
further on felodipine (3-27 (0-40)). This difference 
was not statistically significant. 

'The ankle circumference was significantly greater 
(p « 0-05) during treatment with felodipine (23-0 
(0-37) cm) than with placebo (22-3 (0-39) cm). The 
body weight was similarly increased (p < 0-05) with 
felodipine (71-9 (3-0) kg vs placebo 70-9 (3-1) kg). 


PAWP MAP CI SVI 
Exercise* 
Case No x C D Ex C D Ex C D Ex C D Bx duration (min) 
1 P 22 15 21 93 93 100 28 28 35 33 30 33 6 
F 21 19 33 97 93 103 2-7 41 48 34 54 51 6 
2 P 11 5 33 ‘104 103 1108 33 29 54 43 37 49 6-33 
F 10 8 19 92 88 96 31 41 60 41 5] 58 8 
3 P 15 8 12 73 80 80 24 1-9 3-2 33 26 37 4 
F 18 8 12 95 90 73 27 27 3-7 38 35 42 45 
4 P 4 6 9 102 109 124 27 25 3-2 41 37 42 5 
F 12 13 11 102 92 92 28 38 44 40 50 54 3 
5 P 9 11 21 94 89 110 2-6 25 5-1 38 35 64 9 
F 12 11 8 88 75 78 27 28 35 49 52 58 6 
6 P 24 20 30 94 100 107 25 2-6 32 37 34 34 6 
F 32 23 24 89 72 90 24 33 40 33 47 41 6 
7 P 6 7 9 97 132 124 29 22 3-8 45 37 40 4 
F 7 4 — 109 83 -— 22 3-3 — 33 47 — 4 
8 P 30 28 31 96 96 114 1-6 20 26 25 29 33 7 
F 32 28 31 98 89 101 1:6 24 27 24 35 35 5 
9 P 15 18 17. 83 93 96 47 47 61 65 65 66 7 
F 16 14 12 82 71 82° 48 56 74 63 75 76 7 
10 P 8 6 13 79 80 98 18 24 34 27 35 37 9 
F (refused repeat tight heart catheterisation) 933 
11 P 9 11 1 100 99 98 24 2:4 37 34 36 44 6 
F 6 7 15 82 76 103 2:0 3-5 43 32 50 46 65 
12 P 5 6 7 94 98 97 28 2-6 32 33 30 30 7 
F 2 5 4 80 75 87 22 3-6 32 26 39 31 8-17 
13 P 12 10 8 81 84 86 20 20 31 25 25 32 8 
F 8 6 8 83 TI 83 2-0 2-8 3-7 24 28 37 717 
14 P 8 9 19 80 81 108 24 25 39 32 33 28 17 
F 12 12 14 79 83 89 27 30 55 38 41 48 7 
15 P 26 32 33 66 73 83 20 18 25 22 20 25 9 
F 27 31 32 73 79 83 20 24 29 21 26 27 9 
Mean P 13-6 128 198 891 940 1022 26 25 37 354 33-8 396 67 
SEM) 21 21 2-8 2-9 38 34 02 02 03, 27 2:6 31 04 
can .F 154 135 171 892 816 892 26 3-4 43 353 449 463 64 
(SEM) 25 22 25 26 20 25 02 02 04 30 33 37 05 


C, control at rest; CI, cardiac mdex; D, after drug administration at rest; F, felodipine; MAP, mean arterial pressure; P, placebo: PAWP, 


pulmonary artery wedge pressure; SVI, stroke volume mdex. 
* Symptom limited exercise duration without i invasive monitoring. 
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Table2 Unwanted effects experienced by patients in a 
double blind crossover trial of felodipins and placebo 
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Table 2 shows the unwanted effects reported by 
the patients. Apart from symptoms related to vaso- 
dilation, felodipine did not appear to cause any more 
unwanted effects than placebo. Three patients had 
to have the dose of the study drug reduced because 
of unwanted effects when they were taking fel- 
odipine. None of the patients on placebo needed a 
reduction in the dose. 


BXERCISE TOLERANCE TESTS 

On entry into the study 12 patients had dyspnoea, 
one had leg fatigue, and in two both symptoms lim- 
ited exercise. During the double blind study periods 
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Fig3 Maximal exercise test results for patients during 
treatment with felodipine or placebo: maximum heart rate, 
and systolic blood pressure at end of exercise, maximum 
workload, total work performed. Bars denote SEM. Po, at 
the beginning of either treatment period; P3, after three 
weeks of placebo; and F3, after three weeks of felodipine. 
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there was a tendency for more patients to have leg 
fatigue as a limiting symptom on felodipine (nine 
patients) than on placebo at different stages of the 
protocol (5—6 patients). There was no difference in 
the frequency of dyspnoea (10-11 patients on each 
treatment). 

Figure 3 shows the workload achieved and the 
heart rate and blood pressure at the end of symptom 
limited exercise. There was no significant difference 
in the highest workload achieved and the total work 
performed between patients on felodipine and on 
placebo. The heart rate and blood pressure at the 
end of exercise were also similar on felodipine and 
placebo. The exercise capacity at various stages dur- 
ing the trial when the patients were taking placebo 
showed no significant training effect. 


HAEMATOLOGICAL AND BIOCHEMICAL RESULTS 
Most standard haematological or biochemical 
indices did not change significantly during either of 
the treatment periods; however, serum potassium 
(3-9 (0-12) vs 4-2(0:12) mmol/l, p < 0-05), the 
haematocrit (41-5 (0:9)% vs 43-5 (0-8)95, p < 0-05), 
and the erythrocyte count (4:59 (0-13) 4-81 (0-11) x 
10!?/l, p < 0-05) fell while patients were taking 
felodipine. The results shown are those at the end of 
three weeks on felodipine and at the end of three 
weeks on placebo. 


CHEST RADIOGRAPHY 

The cardiothoracic ratio and the size of the cardiac 
silhouette did not change during either of the treat- 
ment periods. 


Discussion 


Unlike previous studies which suggested that felo- 
dipine can produce favourable effects in heart 
failure!5719 our study did not show that this agent 
improved the symptoms and exercise capacity of a 
group of patients with chronic heart failure, despite 
its ability to produce desirable haemodynamic 
effects (as reflected by the increased cardiac index at 
rest and during exercise). Felodipine had consid- 
erable undesirable effects in our patients. Ankle cir- 
cumference, body weight, and the fall in haematocrit 
showed that they retained more fluid during treat- 
ment with felodipine than with placebo. 

When Emanuelsson etal studied the short term 
haemodynamic effects of felodipine they reported a 
significant decrease in heart rate and pulmonary 
capillary wedge pressure from baseline to post- 
felodipine period.!? In a similar group of patients 
Timmis etal found no decrease in heart rate, but 
there was a large fall in pulmonary wedge pres- 
sure.Ó When we used comparable doses of felo- 
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dipine (5-10 mg) in a double blind study we found 
no significant change in either heart rate or pul- 
monary artery wedge pressure between baseline and 
post-felodipine values and between placebo and 
felodipme treatment. It is impossible to state 
whether these differences were caused by dissim- 
ilarity in patient populations studied or observer 
bias. 

The disparity between the results obtained in this 
double blind study and those obtained previously in 
open studies underlines the importance of controlled 
randomised trials. This is particularly true when 
obtaining subjective data, such as symptoms and 
exercise capacity. In another open study, Timmis 
and colleagues reported that the exercise capacity of 
their patients with heart failure was improved by 
felodipine,! but this was not confirmed by the 
results of our double blind study. They attributed 
the felodipine induced increase in exercise capacity 
to the attenuation of the rise in left ventricular filling 
pressure during exercise. However, when we 
identified the subgroup of patients whose left ven- 
tricular filling pressure during submaximal exercise 
(25W) was lower with  felodipine (16:4 
(3:64)mm Hg vs 257(423)mm Hg with placebo) 
we found that felodipine did not increase their exer- 
cise capacity (18:56(2-03)k] on felodipine vs 
18-13 (2-09) kJ on placebo). Our result is consistent 
with the findings of other investigators who studied 
other arteriolar dilators, for example hydralazine 
and minoxidil, in randomised studies?^?? where 
beneficial effects on haemodynamic criteria were not 
translated to clinical improvements. 

Why did the haemodynamic findings appear to be 
discrepant with the clinical outcome and results of 
exercise test? There are several possible expla- 
nations. The study may not have been long enough. 
However, the unwanted effects of felodipine in cer- 
tain patients, such as fluid retention, might have 
become worse if the study had been prolonged. Fur- 
thermore, previous studies have shown that short 
term haemodynamic effects of vasodilators do not, in 
general, correlate with long term clinical response.?* 
Hence, the longer the treatment period, the less 
likely was the haemodynamic assessment to be able 
to predict the clinical outcome. Alternatively, the 
study may have been too long and tolerance may be 
responsible for the discrepancy. This is unlikely 
because the haemodynamic effects have been shown 
to be sustained even after a longer period of treat- 
ment.!? The dosages used may not be high enough. 
This is also unlikely because considerable vaso- 
dilanon was observed after the administration of 
felodipine at the dosages given, and higher doses 
would be associated with worse side effects. 

It may be that the wrong type of patients were 
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studied. In conducting this study, we took great care 
to study a homogeneous population of patients with 
heart failure—they all had New York Heart Associ- 
ation class III heart failure caused by coronary 
artery disease with a left ventricular ejection fraction 
of 25 (3)% and exercise capacity of 12-6 (1-6) kJ. But 
patients in heart failure are still likely to be very 
heterogeneous, and various factors, including valve 
dysfunction, rhythm or conduction abnormalities, 
ventricular aneurysms, inhomogeneous myocardial 
contraction, triggering of hormonal compensatory 
mechanisms, and varied response to drug treatment 
would contribute to the heterogeneity. The group as 
a whole may not show a positive clinical response to 
felodipine and this may be because the proportion of 
patients who showed beneficial effects did not 
exceed those who showed deterioration. Never- 
theless, in this study those who had enhanced exer- 
cise capacity with felodipine had similar felodipine 
induced increases in cardiac output and left ventric- 
ular stroke work as those in whom exercise capacity 
was reduced. It may be that such drug induced 
increases in cardiac output and left ventricular 
stroke work do not necessarily lead to drug related 
improvements in clinical status and exercise capac- 
ity. 

"There is as yet no satisfactory explanation for the 
discrepancy between haemodynamic data and clini- 
cal findings. It is crucial to resolve this discrepancy 
because drug development is in part dependent on 
objective data obtained from haemodynamic mea- 
surements. If the results from haemodynamuc evalu- 
ation cannot be related to the clinical effects of 
drugs, then alternative methods of assessment will 
have to be found, especially for the initial phases of 
drug development. However, before adopting this 
approach and rather than abandoning the practice of 
haemodynamic evaluation of the efficacy of vaso- 
dilator treatment, as has been suggested by Fran- 
ciosa eral? we must carefully reconsider how to 
interpret haemodynamic data. More research is 
required to resolve the reported discrepancy. 


We thank Mrs Elsie Gale and her team of tech- 
nicians who helped to conduct this study. We thank 
Astra Clinical Research Unit, Edinburgh, for their 
generous financial support and help in dat analysis, 
and AB Hassle, Molndal, Sweden, for supplying the 
felodipine tablets. 


References 


1 Chatterjee K, Drew D, Parmley WW, Klausner SC, 
Polansky J, Zacherle B. Combination vasodilator 
therapy for severe chronic heart failure. Ann Intern 
Med 1976;85:467—70. 


128 


2 Franciosa JA, Pierpont G, Cohn JN. Hemodynamic 
improvement after oral hydralazine in left ventricular 
failure. Ann Intern Med 1977;86:388—93. 

3 Massie B, Ports T, Chatterjee K, et al. Long-term vaso- 
dilator therapy for heart failure: clinical response and 
its relationship to hemodynamic measurements. 
Circulation 1981;63:269-78. 

4 Chatterjee K. Vasodilator therapy for heart failure. Ann 
Intern Med 1975;83:421-3. 

5 Chatterjee K, Parmley WW. The role of vasodilator 
therapy in heart failure. Prog Cardiovasc Dis 
1976;19:301-25. 

6 Cohn JN, Franciosa JA. Vasodilator therapy of cardiac 
failure. N Engl J Med 1977;297:27-31, 254-8. 

7 Braunwald E. Vasodilator therapy—a physiologic 
approach to the treatment of heart failure. N Engl J 
Med 1977;297:331-3. 

8 Mason DT. Afterload reduction and cardiac per- 
formance. Physiologic basis of systemic vasodilators 
as a new approach in treatment of congestive heart 
failure. Am J Med 1978;65:106—25. 

9 Captopril Multicenter Research Group. A placebo- 
controlled trial of captopril in refractory chronic 
heart failure. J Am Coll Cardiol 1983;2:755-63. 

10 Sharpe DN, Murphy J, Coxen P, Hannan SF. 
Enalapril in patients with chronic heart failure: a 
placebo-controlled, randomized, double-blind study. 
Circulation 1984;70:271-8. 

11 Leier CV, Huss P, Magorien RD, Unverferth DV. 
Improved exercise capacity and differing arterial and 
venous tolerance during chronic isosorbide dinitrate 
therapy in congestive heart failure. Circulation 
1983;67:817—22. 

12 Cleland JGF, Dargie HJ, Ball SG, etal. Effects of 
enalapril in heart failure: a double blind study of 
effects on exercise performance, renal function, hor- 
mones, and metabolic state. Br Heart J 1985; 
54:305-12. 

13 Cohn JN, Archibald DG, Ziesche S, eral. Effect of 
vasodilator therapy on mortality in chronic con- 
gesuve heart failure. Results of a Veteran Adminis- 
tration cooperative study. N Engl J Med 1986; 
314:1547-52. 


Tan, Murray, Littler 


14 Ljung B. Vascular selectivity of felodipine. Drugs 
1985;29(suppl 2):46—58. 

15 Emanuelsson H, Hjalmarson A, Holmberg S, 
Waagstein F. Acute haemodynamic effects of felodi- 
pine in congestive heart failure. Eur J Clin Pharmacol 
1985;28:489—93. 

16 Timmis AD, Campbell S, Monaghan MJ, Walker L, 
Jewitt DE. Acute haemodynamic and metabolic 
effects of felodipine in congestive heart failure. 
Br Heart J 1984;51:445-—51. 

17 Tweddel AC, Hutton I. Felodipine in ventricular dys- 
function. Eur Heart J 1986;7:54—60. 

18 Timmis AD, Smyth P, Kenny JF, Campbell S, Jewitt 
DE. Effects of vasodilator treatment with felodipine 
on haemodynamic responses to treadmill exercise in 
congestive heart failure. Br Heart J 1984,52:314—20. 

19 Borg G. Pezceived exertion as an indicator of somatic 
stress. Scand J Rehabil Med 1970;2:92-8. 

20 McKay CR, Nana M, Kawanishi DT, etal. Import- 
ance of internal controls, statistical methods, and side 
effects in short-term trials of vasodilators: a study of 
hydralazine kinetics in patients with aortic regur- 
gitation. Circulation 1985;72:865-72. 

21 Cornyn JW, Massie BM, Unverfeth DV, Leier CV. 
Haemodynamic changes after meals and placebo 
treatment in chronic congestive heart failure. Am J 
Cardiol 1986;57:238-41. 

22 Franciosa JA, Weber KT, Levine TB, etal. 
Hydralazine in the long-term treatment of chronic 
heart failure: lack of difference from placebo. Am 
Heart J 19823104:587-94. 

23 Franciosa JA, Jordan RA, Wilen MM, Leddy CL. 
Minoxidil in patients with chronic left heart failure: 
contrasting hemodynamic and clinical effects in a 
controlled trial. Circulation 1984;70:63-8. 

24 Massie BM, Kramer BL, Topic N. Lack of relationship 
between the short-term hemodynamic effects of cap- 
topril and subsequent clinical response. Circulation 
1984;69:1135—-41. 

25 Franciosa JA, Dunhmen WB, Leddy CL. Hemo- 
dynamic effects of vasodilators and long-term 
response in heart failure. J Am Coll Cardiol 
1984;3:1521-30. 


Flora's guide to what 
makes you tick. 


Aye | 





3 
ed 
à 
5 
E: 





No 5 IN A SERIES OF LEAFLETS ON PREVENTION OF HEART DISEASE 
ES OF LEAFLETS ON PREVENTION O 


or 
No3 IN A SERIES OF LEAFLETS ON PREVENTION 


No 2 IN A SER 





If you're involved in food, nutrit 
land health education, then natur 
f you'll be interested in the role of fat 
| health and diet 

With the help of specialists, the I 
Project for Heart Disease Prew 
has produced a range of leaflets o 
vital subject. 

To find out what makes you tic! 
a few seconds aside to fill in th« 


E Post to: The Flora Project for Heart D 
Prevention, 24-28 Bloomsbury Wa 
WCI1A 2PX. Tel: 01-831 6262 


REVENTION OF HEART DISEASE 


) 








Please send me my free set of heart 
| risk factor leaflets. (Allow up t 
delivery.) 
Name 
| Address 





if rs 





XII British Heart Journal August 1987 





MEDILOG 4500 


TAKES YOU TO THE HEART OF 
AMBULATORY ECG MONITORING 


è ACCURATE TWO CHANNEL REAL-TIME ANALYSIS 
WITH 24 HRS OF ECG RECORDED ON TAPE 
è VALIDATED S.T. SEGMENT ANALYSIS OF UNPARALLELED ACCURACY 
è VERIFIABLE REPORT IN MINUTES WITH MINIMAL OPERATOR INTERACTION 
è FLEXIBLE EDITING AND FULL DISCLOSURE 


IN ONE ADVANCED YET COST-EFFECTIVE SYSTEM 


1 Kimber Road, Abingdon, Oxon OX14 1BZ 
England. Telephone (0235) 33433 
Telex 837340 OXMED G. Fax (0235) 34465 





Br Heart J 1987,58:129—35 


Respiratory modulation of cardiac time intervals 


P VAN LEEUWEN, H C KUEMMELL 


From the Department of Internal Medicine, Gemeinschaftskrankenhaus, University of Witten] Herdecke, 
Herdecke, Federal Republic of Germany 


SUMMARY To determine the effect of respiration on systolic and diastolic time intervals, simulta- 
neous phonocardiograms, carotid pulse tracings, M mode echocardiograms, and respiratory 
curve tracings were measured in 25 healthy subjects. The positioning of each cardiac cycle in 
relation to the phase of respiration was assessed and the dependency of heart rate and cardiac time 
intervals on respiration was examined. Heart rate clearly varied over the respiratory cycle. Where 
necessary the time intervals were corrected for heart rate or RR interval. The systolic time 
intervals showed a stronger dependency on respiratory group than the diastolic time intervals. 
The decrease in left ventricular ejection time and increase in pre-ejection period and isovolumic 
contraction time during inspiration support the idea that a relative increase in afterload in inspi- 
ration determines left ventricular systolic function. Isovolumic relaxation time also showed cyclic 
behaviour whereas the left ventricular filling time was affected by-inspiration only. Filling time 
increased significantly when there was a transition from expiration to inspiration during left 
ventricular ejection. It seems that when isovolumic contraction takes place in expiration the 
diastolic intervals of this cycle take on an expiratory character. The increase in filling can be 
viewed as a compensatory effect that partly offsets the loss of stroke volume during inspiration. 


The stroke volume of the left ventricle decreases 
during normal inspiration. This decrease is reflected 
in changes in left ventricular systolic ume intervals: 
studies with normal subjects and various groups of 
patients have shown an increase in the pre-ejection 
period and a simultaneous decrease in left ventricu- 
lar ejection time during inspiration.! ? 

The mechanisms proposed to explain the drop in 
systolic efficiency postulate a drop in left ventricular 
filling owing to a phase lag between increased right 
and left ventricular output? a decreased pul- 
monary venous return caused by pooling of the 
blood in the pulmonary vascular bed, or a leftward 
septal shift caused by increased right ventricular 
filling." * More recently it has been suggested that 
the drop in pleural pressure during inspiration 
results in a relative increase in aortic? !! or 
atmospheric!? pressure with respect to the left 
intraventricular pressure—this is equivalent to 
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increasing the effective left ventricular afterload. 

'To obtain a clearer understanding of the mech- 
anisms of the effects of respiration on the temporal 
events of the cardiac cycle we studied the changes of 
both the systolic and diastolic time intervals during 
the respiratory cycle in 25 healthy subjects. We 
aimed to study the temporal events more closely 
than before and, in the light of the increasing inter- 
est in diastolic function, to measure not only systolic 
but all cardiac time intervals. 


Subjects and methods 


We studied 20 men and five women (aged 20-36) 
with no clinical evidence or history of cardiac or pul- 
monary disease. We used a Hewlett Packard 77020A 
Ultrasound Imaging System with a paper speed of 
100 mm/s to obtain the following strip chart record- 
ings in each subject: electrocardiogram, phono- 
cardiogram, carotid pulse tracing, M. mode echo- 
cardiogram of the mitral valve, and respiratory curve 
(thermistor sensor) (fig 1). The subjects were given 
no instructions about breathing behaviour. While 
the subject was seated we recorded 50 consecutive 
heart beats. The following time intervals were mea- 
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Figl Representative recording of mitral valve echocardiogram, electrocardiogram (ECG), phonocardiogram (PCG), 
respiratory curve tracing (RCT), and carotid pulse tracing (CPT). RA2, time from R wave to second heart sound; LVET, 
left ventricular ejection time; IVR, isovolumic relaxation nme; MVCA2, time from mitral valve closure to second heart 


sound; LVFT, left ventricular filling time. 


sured to the nearest 5ms: (a) RR interval; (6) left 
ventricular ejection time (LVET) from the onset of 
the rapid upstroke of the carotid pulse to the inci- 
sura; (c) isovolumic relaxation time (IVR) from the 
first high frequency vibration of the aortic com- 
ponent of the second heart sound (A2) to the onset of 
mitral valve opening; (d) left ventricular filling time 
(LVFT) from the onset of mitral valve opening to 
mitral valve leaflet coaptation; (e) total electro- 
mechanical systole (RA2) from the R wave of the 
electrocardiogram to A2; (f) the interval from mitral 
valve closure of the preceding beat to A; (MVCA;). 
Two time intervals were derived: (a) pre-ejection 
period (PEP) as RA;-LVET and (b) isovolumic 
contraction time (IVC) as MVCA;-LVET. 

We used the respiratory curve to determine the 
start of inspiration and expiration. From this infor- 
mation we calculated the position of each heart beat 
in relation to the respiratory phase. The cardiac time 













Ul] Systole 
KANN Diastole 


intervals of each beat were assigned to one of eight 
groups according to the following criteria (fig 2): 
Group 1—systole in the first half of inspiration. 
Group 2—diastole in the second half of inspiration. 
Group 3—transition from inspiration to expiration 
in diastole. 

Group 4—transition from inspiration to expiration 
in systole. 

Group 5—systole in the first half of expiration. 
Group 6—diastole in second half of expiration. 
Group 7—1ransition from expiration to inspiration 
in diastole. 

Group 8—transition from expiration to inspiration 
in systole. 

Systole wes defined as electromechanical systole 
(pre-ejection period and left ventricular ejection 
time) and diastole as the interval from aortic valve 
closure to mitral valve closure (isovolumic relaxation 





6 {ISAS 
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Fig 2 Assignment of heart beats to one of eight respiratory groups (see text). 


Respiratory modulation of cardiac time intervals 


time and left ventricular filling time). 

Each of the above groups defines a particular cou- 
pling of the respiratory and cardiac rhythms. The 
group notation 1 to 8 does not represent the natural 
time course of respiration. 


STATISTICAL ANALYSIS 

'The dependency of heart rate and the various car- 
diac time intervals on the respiratory group was 
determined by analysis of variance. Linear 
regression analysis was used to determine the 
dependency of the cardiac time intervals on heart 
rate and RR interval. Student's t test was used to 
determine the statistical significance of differences in 
intervals between consecutive cardiac cycles. 


Results 


'The mean (SD) number of beats analysed per sub- 
ject was 47 (4-8) and the mean number of respiratory 
cycles was 9 (2-7). Because of the variation in heart 
rate caused by respiration (p « 0-0001) we examined 
cardiac intervals for their dependency on heart rate 
and RR interval (table 1). Left ventricular ejection 
time and isovolumic relaxation time were more 
significantly associated with heart rate, and left ven- 
tricular filling time and isovolumic contraction time 
more with RR interval. In all further examinations 
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of the results we corrected these variables for these 
associations. 

Analysis of variance showed a significant 
difference between the groups for each interval 
(table 2). The difference was strongest for the sys- 
tolic intervals (p « 0-0001), strong for filling time 
(p < 0:01), and slightly weaker for isovolumic relax- 
ation (p < 0-05). Fig 3 shows the values of each car- 
diac time interval in each of the eight respiratory 
groups. 


PRE-EJECTION PERIOD 

Pre-ejection periods were longest at the transition 
from inspiration to expiration (group 4) and shortest 
at mid-expiration (group 6). The pre-ejection values 
within the second half of expiration (group 6-8) 
were approximately the same and increased 
progressively depending on the timing in inspira- 
tion. 


ISOVOLUMIC CONTRACTION TIME 

The results for the isovolumic contraction time gen- 
erally resembled those for the pre-ejection period. 
Values reached a maximum slightly sooner, towards 
the end of inspiration (group 3), and remained at 
that level into expiration (group 4). Although at 
mid-expiration isovolumic contraction time fell to 
low values resembling those in the pre-ejection 


'Tablel Linear regression of heart rate and RR interval against cardiac time tntervals 





Heart rate 

Interval Regression P 

PEP —0 43 x HR + 115 29 0133 NS 
IVC —070 x HR + 112 74 0 005 
LVET —093 x HR + 311 99 0 0001* 
IVR —0 82 x HR + 145-54 0 0004* 
LVFT —6 50 x HR + 905 69 0 0000 

(t = —13 86) 


RR interval 
Regression P 
005 x RR + 42 49 0111 NS 
008x RR— 406 0 004* 
0-10 x RR + 161-41 0 0002 
009 x RR + 1290 0 0006 
0-73 x RR — 169 39 0 0000* 
(t = 16 35) 


*Higher level of significance of the two regression equations and RR) for cach interval. 


PHP jection period, IVC, tsovolumic contraction time; 
LVEF, left ventricular filling ume i 


VET, left ventricular ejection tume; IVR, isovolumic relaxation ume, 


Table2 Heart rate and cardiac time intervals: overall mean (SD) mean values, maximum and minimum values, and 


p values for respiratory groups 1-8 





Mean (SD) 1 2 3 4 





Respiratory group 
HR 804 (975) 801 82 8* 820 82 
RR 758 (90 5) 759 T2AT 742 742 
PEP 81 2 (13 6) 803 831 841 
Pos PEE —04 29 4 6* 
LVET,  -03(101 —07 -17 -39 - 
IVR, 04 (97) 24* 17 00 - 
LVFT,  —01(95) -02 —35t 02 - 


5 6 7 8 p< 
2 808 793 789 TI 0 0001 
754 768 770 793* 0 0001 
0* 813 78 4t 79-0 785 0 0001 
45 08 —23 -13 -53f 0 0001 
40t 11 4 0* 24 08 0 0001 
10 —20t 05 02 10 005 
02 —06 —290 —02 5:9* 001 





*Maximum. t Minimum. 
HR, heart rate, c, corrected See table 1 for abbreviations. 
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Fıg3 Values of the cardiac time intervals in respiratory 
groups 1—8. PEP, pre-ejection period; IVC n corrected 
1ssovolumic contraction time; LVET _, corrected left 
ventricular ejection time; IVR ., corrected isovolumic 
relaxation time; LVFT , corrected left ventricular filling 
time. 


period (group 6), it reached a minimum at the transi- 
tion from expiration to inspiration (group 8) at a 
point when the filling time was at its maximum (see 
below). 


LEFT VENTRICULAR EJECTION TIME 

The values for ejection time tended to be the reverse 
of those ef isovolumic contraction and the pre- 
ejection period. Values were lowest at the end of 
inspiration (groups 3 and 4) and highest around 
mid-expiration (group 6). This reversal, in com- 
parison with the other systolic time intervals does 
not apply to groups 7, 8, and 1: values for the ejec- 
tion time became progressively less through the 
second half of expiration and this trend continued 
well into inspiration. : 
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ISOVOLUMIC RELAXATION TIME 

Isovolumic relaxation time did not vary as much as 
other invervals. It reached a maximum in the first 
half of inspiration (group 1) and a minimum in the 
first half of expiration (group 5). 


LEFT VENTRICULAR FILLING TIME 

The values for filling time showed little or no vari- 
ation apart from the maximum value which occurred 
at the beginning of inspiration (group 8), and the 
minimum which occurred in the second half of 
inspiration (group 3). 


Discussion 


HEART RATE 

In earlier studies of respiration and systolic time 
intervals, respiratory arrhythmia did not pro- 
duce a significant change of heart rate between 
mid-inspiration, mid-expiration, and end-. 
expirations.17!+ We believe that the difference 
between these results and the ones that we obtained 
may be because we compared the values of eight 
different respiratory phases rather than just.the val- 
ues during inspiration and expiration. We found 
that the greatest difference in heart rates occurred 
between beats at the changeover between expiration 
and inspiration (group 8, 77-2 beats/min) and those 
in the second half of inspiration (group 2, 82:8 
beats/min) (table 2). We found no significant 
difference between mid-inspiratory (groups 1 and 2, 
81-0 beats/min) and mid-expiratory (groups 5 and 6, 
80-1 beats/min) heart rates (p < 0-1). 

Posture may be another explanation for the 
differences between our study and earlier studies. 
Others have shown that several cardiac variables 
differ significantly depending on whether they are 
measured while the subject is supine or sitting.!? ^ !? 
It is therefore not unreasonable to expect that respi- 
ration will have a greater effect on heart rate in the 
sitting position than in the supine. The difference 
between maximum and minimum heart rates was 5:6 
beats/min; this was considerably higher than the 
difference measured by others in supine subjects.? !? 


SYSTOLIC TIME INTERVALS 

Our results confirm previous studies that found a 
decrease in left ventricular ejection time and a simul- 
taneous increase in the pre-ejection period during 
inspiration.!"? An understanding of the effect of 
inspiration on systolic function aids the inter- 
pretation of these results.!? An increase of relative 
afterload owing to the decrease in pleural pressure 
would require a longer period of contraction to over- 
come this relative increase in aortic pressure. This 
delay in aortic valve opening is reflected in the 
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increase of both the pre-ejection period and the iso- 
volumic contraction time. For the same reason the 
aortic valve will close sooner, resulting in shorter 
ejection times. On the other hand, when pleural 
pressure conditions are reversed at the beginning of 
expiration, the values of the systolic time interval are 
reversed, 

The behaviour of these intervals is symmetrical 
except for the second half of expiration. It is not 
obvious why ejection values become progressively 
smaller. Furthermore, in the second half of 
expiration pre-ejection period values remain rela- 
tively constant and isovolumic contraction produces 
a markedly lower value at the changeover between 
expiration and inspiration. As mid-expiration seems 
to be the turning point for these developments, we 
studied the beats in the second half of expiration 
more closely. We examined two consecutive beats 
when inspiration began during the isovolumic relax- 
ation or filling time (that is in diastole) of the second 
beat. The systoles of both beats therefore lay in the 
second half of expiration. Table 3 shows that the 
systolic time intervals of these two beats were not 
significantly different. We assume, therefore, that 
the variation in the values of systolic time interval in 
the second half of expiration (groups 6 and 7) is 
more or less random. This could well be a result of 
the intrathoracic pressure conditions produced by 
end expiratory apnoea. 

We also studied the pronounced drop in the iso- 
volumic contraction time in group 8 by examining 
consecutive beats in which the inspiration started in 
systole (that is during either isovolumic contraction 
or ejection time). When inspiration started in the 
ejection time of the second beat, the duration of this 
interval decreased significantly (p < 0-01). Iso- 
volumic contraction also shortened, although not 
significantly. The drop in both values (when a drop 
in one value would be expected to be accompanied 
by an increase in the other) can be explained by the 
fact that isovolumic contraction still occurs in 
expiration whereas ejection time is already affected 
by the inspiratory drop in pleural pressure. This 
means that the opening of the aortic valve occurs 
under expiratory pleural pressure conditions 
whereas there is premature closure of the aortic 
valve because of the increasing left ventricular aortic 
pressure gradient. This would explain why the value 
for isovolumic contraction time in group 8 is low; 
that it is the lowest may merely be the result of the 
end-expiratory fluctuation found in groups 6 and 7 
(see above). 

If all of systole occurs in inspiration—that is 
inspiration starts during isovolumic contraction and 
both intervals are affected by the decrease in pleural 
pressure—the difference in isovolumic contraction 
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Table3 Differences (ms) between the respectrve mtervals 
of two consecutive end expiratory beats when inspiration 
started during the second beat 





Inspiration started in: 


IVC LVET IVR LVFT 

(n=5) (n=23) (n=8) (ne 25) 
PEP 00 , 00 03 —08 
IVC 10 -17 26 -07 
LVET —14 —27 —06 00 
IVR 46 —02 -09 Il 
LVFT -40 69t 53 13 


*p < 0-01, fp < 005 
n, number of subjects m whom the start of inspiration occurred 
thi 


s interval, 
See table 1 for abbreviations. 


time between the two beats increases, whereas the 
difference in ejection time decreases. These 
differences were not statistically significant; but this 
was probably because there were too few subjects in 
whom inspiration started during isovolumic con- 
traction for such a difference to become apparent 
(table 3). 


DIASTOLIC TIME INTERVALS 

The high levels of significance for the associations 
between systolic time intervals and phase of respira- 
tion reflect the fact that the contractile phase of the 
cardiac cycle is more dependent on respiration than 
the relaxation and filling phase. Analysis of variance 
showed that the isovolumic relaxation time, 
although dependent on respiration, is the least 
affected of all the cardiac time intervals. In normal 
subjects this interval was reported to be stable dur- 
ing and after exercise!?; this was also true over a 
large range of RR intervals in patients with atrial 
fibrillation.2??! The isovolumic relaxation time, 
however, varies increasingly in patients with 
ischaemic heart disease,?? left ventricular hyper- 
trophy,???* hypertrophic cardiomyopathy,?! ?5 26 
or aortic valve disease.!? This shows that heart dis- 
ease may affect respiratory modulation of isovolumic 
relaxation. 

The peak isovolumic relaxation values did not 
occur in the respiratory groups in which the peak 
values of the other intervals were found. The maxi- 
mum and minimum values occurred when other 
intervals were changing. The mechanisms of this 
phase shift are not clear. 

Left ventricular filling tíme is strongly dependent 
on RR interval (that 15 heart rate).!? 7° After cor- 
rection for RR interval the filling times reflect this 
strong dependency over most of the respiratory 
cycle. The higher values at the start of inspiration 
and the lower values in the second half of inspiration 
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imply that respiration induces changes in filling of 
the left ventricle. Previous studies in which the end 
diastolic volume, area, or dimensions were measured 
by sonomicrometer measurements,’ !? radionuclide 
methods," ^ mechanical = transducers,?® or 
echocardiography?? ?! during normal inspiration 
found either no change or a decrease in these 
diastolic variables. A shortened filling time in the 
second half of inspiration does not contradict these 
findings. However, the increase in filling at the start 
of inspiration is unexpected. But the earlier studies 
did not consider beats in which inspiration started. 
It was in these beats that filing time was 
significantly prolonged (table 3). In such beats the 
ejection time is immediately shortened by the 
increasing pressure gradient between left ventricular 
and aortic pressure. The next isovolumic relaxation 
remains effectively unchanged and the filling time is 
significantly prolonged. This may be explained by 
the efficient initial contraction of the left ventricle 
during the isovolumic contraction which still takes 
place in expiration—that is before the relative 
increase in afterload occurs. The lack of change in 
isovolumic relaxation is consistent with the model of 
a coupling between contraction and relaxation. This 
coupling has been described on the basis of the 
release and subsequent uptake of calcium by the sar- 
coplasmic reticulum.?? ?* More recently it has also 
been postulated that during contraction energy 
stored in the microstructure of the cardiac muscle 
cell and in the connective tissue surrounding the 
cells is released during diastole actively to relax and 
expand the heart.?? This energy stored during the 
end expiratory isovolumic contraction would 
accordingly result in an unchanged isovolumic 
relaxation despite the fact that inspiration has 
already begun. It would also maintain the factors 
responsible for fast filling during end expiration 
and, together with the fact that the left atrium is still 
well filled,?5 lead to a filling time typical of end 
expiration. Apart from a shortened ejection time, 
such beats would therefore display the character- 
istics of an end expiratory beat. The decrease in ejec- 
tion time implies a shorter RR interval and, as filling 
time is highly dependent on RR interval, the cor- 
rected filling time is in fact longer than it would nor- 
mally be for a beat of this duration. If on the other 
hand a beat occurs completely after the start of 
inspiration, the intrathoracic pressure affects not 
just ejection but the complete left ventricular sys- 
tole, with the consequences for relaxation and filling 
(table 3). 

The measurement of the cardiac time intervals 
over the complete respiratory cycle leads to a better 
understanding of the respiratory modulation of the 
systolic tume intervals. The results accord with the 
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idea that a relative increase in afterload is the pri- 
mary factor influencing left ventricular systolic 
function during inspiration. We also found changes 
in the diastolic time intervals that had not previously 
been reported, particularly in filling behaviour at the 
start of inspiration. This may be viewed as having a 
compensatory effect. At the transition from 
expiration to inspiration the RR interval shortens 
considerably. Because the filling time is highly 
dependent on RR interval, filling time would nor- 
mally decrease more than the other intervals. When 
inspiration occurs in ejection time, however, only 
this interval shortens whereas the other intervals 
maintain their expiratory character. Therefore 
filling time is de facto longer than it would normally 
be for a beat of this length. An increase in filling at 
this point in the respiratory cycle would help to 
offset in part the loss of efficiency of left ventricular 
function during inspiration. 
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Use of a double balloon technique for percutaneous 
balloon pulmonary valvotomy in adults 


SAAD AL KASAB, PAULO RIBEIRO, MUAYED AL ZAIBAG 


From the Adult Cardtology Division, Riyadh Cardiac Centre, Riyadh Military Hospital, Riyadh, Saudi 
Arabia 


SUMMARY Percutaneous double balloon pulmonary valvotomy was performed on seven con- 
secutive adult patients (mean age 26 years) with congenital pulmonary valve stenosis. The peak 
systolic transvalvar pressure gradient was significantly reduced from a mean (SD) of 104 (30) to 
24-3 (6) mm Hg. This haemodynamic improvement was maintained at six week follow up. In six 
patients pulmonary infundibular spasm developed immediately after valvotomy; however, these 
patients showed considerable haemodynamic improvement at the six week follow up. During 
balloon inflation the heart rate did not fall below 60 beats/minute and the systemic aortic pressure 
was maintained above 90 mm Hg. 

Early results indicate that percutaneous double balloon valvotomy in adults is an effective 
treatment for isolated pulmonary valve stenosis. Theoretically the two balloons provide a venting 
area during inflation. This has the advantage of preventing bradycardia or systemic hypotension 


during prolonged balloon inflation. 


Percutaneous balloon pulmonary valvotomy with a 
single balloon was first performed by Kan et al ina 
child! and by Pepine et al in an adult.” Percutaneous 
balloon valvotomy has been the treatment of choice 
for congenital pulmonary valve stenosis in 96 con- 
secutive children in our centre.? 

We have already reported the use of the double 
balloon valvotomy technique for mitral valve steno- 
sis.* We now describe our experience in seven con- 
secutive adult patients with congenital pulmonary 
valve stenosis in whom we used a double balloon 
technique for percutaneous pulmonary valvotomy. 


Patients and methods 


Seven consecutive adult patients (two women and 
five men; mean age 26 years, range 15-37) with con- 
genital pulmonary valve stenosis (table 1) had trans- 
luminal double balloon pulmonary valvotomy. Their 
main complaints were palpitation and shortness of 
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breath on exertion (class II New York Heart Associ- 
ation classification). All patients had a systolic thrill 
in the pulmonary area and a soft pulmonary second 
heart sound with-a grade 4 to 5 or 6 ejection systolic 
murmur. In all patients the electrocardiogram 
showed right axis deviation with right ventricular 
hypertrophy. The cross sectional echocardiogram 
showed a domed pulmonary valve and right ventric- 
ular hypertrophy. 


TECHNIQUE OF VALVOTOMY 

Signed consent was obtained on a special procedure 
consent form. All the patients were given 10 mg oral 
diazepam as premedication, and the procedures were 
performed under local anaesthesia. A 7F sheath was 
introduced percutaneously through the right femo- 
ral vein. Two 7F sheaths were similarly introduced 
through the left femoral vein. A 7F pigtail catheter 
was introduced percutaneously via the right femoral 
artery into the aorta for continuous pressure moni- 
toring. Heparin (5000 units) was given intra- 
arterially. 

A 7F Berman angiography catheter was advanced 
from the left femoral vein and positioned in the right 
ventricle to monitor the right ventricular pressure 
during the procedure and for right ventricular angio- 
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Table 1 
pulmonary valve stenosis 
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Clinical characteristics and pulmonary valve and balloon diameters in seven consecutive patients with congenital 





Patient 

No Age Sex 
1 32 M 
2 15 F 
3 35 M 
4 28 F 
5 18 M 
6 37 M 
7 20 M 


Pulmonary 
valve 
diameter ( mm) 


Two balloon 
diameter (mm 





27 15 + 15 
24 12 + 15 
27 15 + 15 
18 12 + 12 
19 (a) 10 + 10* 

(b) 10 + 15 
28 (a) 15 + 15* 

(b) 15 + 18 
27 15 4 15 


*Two balloon combinations used; a, first combination; b, second combination. 


graphy in the anteroposterior and lateral projections 
before and after valvotomy. Pulmonary artery, right 
ventricular, and aortic pressures were recorded 
simultaneously, followed by pull-back pressures 
from the pulmonary artery to right ventricle before 
and after dilatation and six weeks after the pro- 
cedure. 

We selected a balloon size that was appropriate to 
the diameter of the pulmonary valve annulus, which 
was estimated by cross sectional echocardiography 
and a biplane cinevideo angiogram. A grid was 
recorded on the angiogram so that the pulmonary 
valve annulus could be correctly measured. For all 
the patients the sum of the diameters of the balloon 
catheters used for successful valvotomy was 3-5 mm 
more than the diameter of the pulmonary valve an- 
nulus. The first combination of balloons used on 
patients 5 and 6 failed to produce adequate dilatation 
(table 1). Two 7F Berman wedge pressure catheters 
were advanced from the right and left femoral veins 
and positioned in the left pulmonary artery. 
Through each catheter a 0-038 inch diameter pre- 
shaped Teflon coated exchange guide wire was intro- 
duced and positioned well into the pulmonary artery 
in the left lower lobe. The catheters and the intro- 
ducer sheaths were then removed, leaving the guide 
wires in position in the left pulmonary artery. 

We used two 9F Meditech balloon catheters 
(10-18 mm diameter) (table 1) attached through a 
pressure gauge to a 20 ml syringe filled with diluted 
(20%) contrast material. The balloon catheters were 
then advanced over the guide wires across the ste- 
notic pulmonary valve. The guide wires remained in 
the left pulmonary artery. 

The two balloons were positioned across the pul- 
monary valve by biplane fluoroscopy. Then they 
were simultaneously inflated to 4—6 atmospheres for 
8-10 seconds (mean 5 dilatations) (fig 1). During 
inflation the right ventricular and aortic pressures 
were continuously monitored. After dilatation the 
balloon catheters were withdrawn over the exchange 


wires and replaced by two 7F sheaths. 


CROSS SECTIONAL ECHOCARDIOGRAPHY 

Before valvotomy, on the day after valvotomy, and 
6-8 weeks later we obtained cross sectional echo 
cardiograms using a Hewlett Packard phased array 
system with 3-5-5 MHz transducers. Standard views 
were obtained; the short axis left parasternal view 
was used to estimate the diameter of the pulmonary 
valve annulus and the excursion of the leaflets. The 
images were recorded for subsequent analysis. ATI 
pulsed Doppler was used to detect pulmonar: 
regurgitation before valvotomy, immediately afte: 
valvotomy, and at a six week follow up. 

We used paired r tests for statistical analysis 





Fig 1 


Lateral projection of the heart with inflated 
balloons positioned across the pulmonary valve; note the 
indentation (arrowed) of the balloon produced by the 
stenotic valve. 
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Results 


CLINICAL 

At clinical evaluation immediately after pulmonary 
valvotomy the systolic thrill in the pulmonary area 
had disappeared in all but two patients (cases 2 and 
7). In these patients the thrill had disappeared at the 
six week follow up. There was a snapping pulmonary 
second heart sound in all patients and no patient 
developed an early diastolic murmur after valvo- 
tomy. Furthermore, the duration and intensity of the 
systolic murmur decreased in all patients. 


HAEMODYNAMIC, ANGIOGRAPHIC, AND 
ECHOCARDIOGRAPHIC RESULTS 

After balloon valvotomy all seven patients had 
haemodynamic evidence of relief of the pulmonary 
valve stenosis. The peak systolic gradient across the 
pulmonary valve decreased from a mean of 104 (30) 
to 24-3 (6) mm Hg (p < 0:001). The improvement 
was maintained at the six week follow up study (fig 
2). Right ventricular systolic pressure decreased 
from a mean of 120 (28) to 69 (25) mm Hg (p « 0-009) 
(table 2; fig 3). 

Echocardiography and a right ventricular angio- 
gram demonstrated that although the pulmonary 
valve still appeared to be thickened in all patients, 
there was good excursion of the valve leaflets (fig 4), 
indicating successful dilatation. Pulsed Doppler 
revealed mild pulmonary regurgitation in patients 1 
and 4 after dilatation. 

Pull back pressure measurements from the 
pulmonary artery to the right ventricular outflow 
and then to the right ventricular apex showed the 
presence of infundibular spasm in patients 
2-7 immediately after successful pulmonary 
valvotomy; the gradient was small in patients 3-7. 
Haemodynamic follow up studies of patients 2-7 at 
six weeks showed that there was a further reduction 
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Fig 2 Decrease in peak systolic pulmonary gradient 
immediately after double balloon valvotomy and at six 
weeks’ follow up. 


in the right ventricular systolic pressures from the 
immediate post-valvotomy mean of 69 (25) to 47 (11) 
mm Hg, which was suggestive of relief of the 
infundibular spasm (table 2). This contrasts with the 
gradients across the pulmonary valve, where the 
major reduction occurred immediately after 
valvotomy (fig 2; fig 5). In patient 2 the infundibular 
spasm was severe, but was completely relieved 
during six weeks treatment with oral propranolol 20 
mg three times a day. 

During double balloon inflation, no patient had 
bradycardia (heart rates >60 beats/min) and aortic 
systolic pressure was maintained above 90 mm Hg 
(fig 6). 


Table 2 Haemodynamic data before { B), immediately after balloon pulmonary valvotomy (A), and at six weeks’ follow 











up (F) 
RVSP PSPG HR 
Patient No B A F B A F B A F 
1 120 40 eia 100 20 — 86 90 - 
2 130 120* 30 110 15 15 92 98 
3 125 75* 65 105 30 35 96 80 74 
4 120 65* 50 100 30 20 98 84 70 
5 170 60* 47 153 30 21 105 105 86 
6 80 60* 45 62 20 25 175 64 54 
7 95 62* 43 75 25 20 80 88 62 
Mean (SD) 120 (28) 69 (25) 47 (11) 104 (30) 243 (6) 23 6 (7) 90 (11) 87 (13) d 68 (11) 
p value Bus A, «0-009; Bos A, «0001, B os A, NS, 
B vs F, <0 003; Bos F, < 0003, Bos F, <0001.. 
*Infundibular spasm. 


RVSP, nght ventricular (apical) systolic pressure, PSPG, peak systolic pulmonary vaiver gradient; HR, heart rate. 
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Fig 3 Aortic (AO-P), right ventricle (RV-P), and pulmonary artery (PA-P) pressure tracing (a) before and ib 


pulmonary valvotomy. 
(patient 3). 


Discussion 


When Tynan et al used a single balloon for 
pulmonary valvotomy, hypotension developed in 26 
of 27 patients during inflation of the balloon and 
severe bradycardia developed in 12 patients.? This 
complication was confirmed in another recent 
study. When we used a double balloon technique 
neither bradycardia nor systemic hypotension devel- 
oped in any of our patients. In all seven patients 
there was a dramatic improvement in the gradient 
across the pulmonary valve with no clinical evidence 
of pulmonary regurgitation. 

The sum of the cross sectional area of two 10 mm 
balloon catheters (157 mm?) is 50", less than that of 
a single 20 mm balloon catheter (314 mm?) (fig 7). 
The double balloon technique thus theoretically 
provides a venting area between the balloons during 
inflation and thus ensures that the pulmonary valve 
orifice is not completely occluded, as it is by a single 
balloon. We presume that this is the mechanism by 
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There was a considerable reduction of right ventricular pressure and gradient across the pulmonary valve 


which bradycardia and hypotension are prevented 
during inflation. The procedure was successful when 
we used two balloons with a combined cross 
sectional area less than that of the single balloon 
which theoretically would otherwise have been 
required. It appears that the combined diameter of 
the two balloons, rather than their cross sectional 
area, is the determining factor for the success of 
valvotomy. 

Ring et al demonstrated that overdilatation of the 
pulmonary valve annulus in lambs by single over- 
sized balloons, with a diameter that exceeded that of 
the annulus by 20—40^,,, damaged the heart.” In man 
Ben-Shachar et al demonstrated that balloons with 
diameters that were 20", larger than the diameter of 
the pulmonary valve annulus produced adequate 
dilatation with minimal damage to the subvalvar 
region. The use of a double balloon technique 
which allows the use of two balloons with smaller 
total cross sectional areas than a single balloon (fig 7 
must improve the safety of the procedure. 
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Fig 4 


valvoromy, showing narrow jet of dye | saat arrow) 


Lateral view of a right ventriculogram (a) before 


through the domed stenotic pulmonary valve (large arrow), 
and (b) after valvotomy, showing a broad jet of dye 
flowing through the dilated pulmonary valve (arrowed). 


Infundibular spasm has been reported after 
percutaneous balloon dilatation of the pulmonary 
valve," '? and also after surgical valvotomy.'' In six 
of our patients successful dilatation of the pulmonary 
valve was followed by infundibular spasm. In these 
patients the right ventricular pressure resembled the 
systemic pressure, as in the case reported by Ben- 
Shachar er al." Because [| blockade in patient 2 
relieved severe infundibular spasm after valvotomy 
it is conceivable that the use of prophylactic f block- 
ade before valvotomy may prevent infundibular 
spasm. This requires further investigation. 

In most adults the pulmonary valve annulus is 
bigger than the maximum available size of single 
balloon that is needed for successful dilatation, and 
two balloons will be necessary. We have shown that 
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Fig5 Significant reduction in right ventricular ( apical 
systolic pressure immediately after double balloon 
valvotomy and further significant reduction at six weeks’ 


follow up. 
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Fig 6 Aortic | AO-P) and right ventricular (RV-P) 
pressure recordings during inflation of balloons. There was 
an insignificant drop in aortic pressure and heart rate 
remained normal. 
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Total balloon area = 157mm? 


Balloon area = 314mm? 


Fig 7 Diagram comparing the cross secttonal area of a 20- 
mm diameter balloon with that of two 10 mm balloons. 


percutaneous double balloon pulmonary valvotomy 
in adults is a safe and effective treatment for isolated 
pulmonary valve stenosis. All the demonstrable 
advantages of the double balloon technique indicate 
that this should become the choice for this procedure 
in adults. 


Addendum 


Since the submission of this paper we have 
performed another five successful percutaneous 
double balloon pulmonary valvotomies with similar 
results to those reported in this paper. 


We thank Dr W Sawyer, for helping us to prepare 
the paper, and the cardiac catheter and echo- 
cardiography staff. 
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Percutaneous mitral valvotomy in rheumatic mitral 
stenosis: a new approach j 
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SUMMARY ‘Three patients with rheumatic mitral stenosis were treated with percutaneous mitral 
valvotomy. A Brockenbrough catheter was-advanced transseptally into the left atrium and then 
into the left ventricle over a long guide wire. An angle wire loop retriever was advanced through 
a 10 Fr straight catheter via the femoral artery into the left ventricle. The retriever was used to 
catch the flexible end of the long guide wire. This end of the long guide wire was then drawn out 
of the right femoral artery by the retriever through the straight catheter. The straight catheter was 
left in the descending aorta; the Brockenbrough catheter was removed and a 7 Fr balloon catheter 
was introduced percutaneously over the long guide wire through the femoral vein. This balloon 
catheter was used for interatrial septal dilatation and right femoral venous dilatation. In two 
patients this catheter-was replaced over the long guide wire with a 9 Fr Schneider-Medintag 
Grüntzig catheter (3 x 12 mm diameter when inflated) and in the other by a Mansfield (18 mm 
diameter when inflated). The procedure was well tolerated in these three patients and there were 
no complications. Haemodynamic function improved, there was appeciable decrease in dyspnoea, 
and exercise tolerance was increased. 

This procedure has several advantages: the balloon is more easily positioned through the mitral 
valve; the stability of the balloon during inflation is improved by traction at both ends of the long 
guide wire; and there is the option of rapidly exchanging one balloon for a larger one over the long 
guide wire. This technique seems to be less arrhythmogenic and results in less blood loss because 


manual compression of the femoral vessels after the procedure is easier. 


Closed or open mitral valvotomy are commonly used 
to treat mitral valve stenosis and the long term re- 
sults are good.!^? Recently several workers have 
proposed percutaneous balloon dilatation as a treat- 
ment of valve stenoses, such as congenital pulmonary 
stenosis.and congenital aortic stenosis, in chil- 
dren.* © The results of balloon dilatation of the mi- 
tral valve are also good in adults and young patients 
with rheumatic valve stenosis. ^!? Various tech- 
niques have already been used to achieve valvotomy. 
We describe a new technique for percutaneous bal- 
loon mitral valvotomy that we used in three cases of 
rheumatic mitral valve stenosis. 


Patients and methods- 


CASE 1 
A 44 year old white man with chronic rheumatic 
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mitral valve disease was admitted to our hospital 
with increasing dyspnoea despite treatment with di- 
uretics and vasodilators. He had a murmur indi- 
cating mitral stenosis without regurgitation. The 
electrocardiogram showed a sinus rhythm with left 
atrial ‘hypertrophy. Echocardiographic studies re- 
vealed severe mitral stenosis with moderate thick- 
ening of the mitral leaflets and subvalvar apparatus. 
There was evidence of moderate enlargement of the 
diameter of the atrium (5cm) but ventricular size 
and function were normal. Cardiac catheterisation 
was performed to evaluate the severity of the mitral 
stenosis. The mean gradient across the mitral valve 
during diastole (calculated by planimetry) was 
23mm Hg; cardiac output (calculated by thermo- 
dilution) was 4-8 1/min, and the calculated area of the 
mitral valve was 1:13 cm?. Left ventriculography 
showed well preserved ventricular function and no 
evidence’of mitral regurgitation. The results of coro- 
nary angiography were normal. A pulmonary arte- 
riogram with venous phase showed moderate 
enlargement of the left atrium and no evidence of 


142 


Percutaneous mitral valvotomy in rheumatic mitral stenosis: a new approach 


atrial mural thrombus. Surgical mitral valve com- 
missurotomy- was recommended but the patient 
refused. Treatment by percutaneous dilatation was 
then suggested. The patient agreed to the procedure 
and gave his informed consent. 


CASE 2 

A 62 year old woman who had had rheumatic valve 
disease since 1938 was admitted to our hospital for 
evaluation of mitral valve stenosis. For 24 months 
exertional dyspnoea had become progressively worse 
despite treatment with diuretics and vasodilators. 
There was a loud first heart sound with an opening 
mitral snap and a faint diastolic rumble of mitral 
stenosis. There was no evidence of pulmonary arte- 
rial hypertension. The electrocardiogram showed 
atrial fibrillation. Echocardiographic studies showed 
moderate mitral stenosis but the leaflets and sub- 
valvar apparatus were not thickened. The diameter 
of the left atrium was enlarged (5-4 cm) but there was 
no evidence of mitral thrombus. Cardiac cath- 
eterisation showed a diastolic mean gradient across 
the mitral valve of 5 mm Hg, a cardiac output (calcu- 
lated by thermodilution) of 1-7 l/min, and a calcu- 
lated mitral valve area of 0:60 cm?. An isoprenaline 
test was carried out. When the heart rate was 170 
beats/min, the diastolic mean gradient across the mi- 
tral valve was 36 mm Hg and the calculated mitral 
valve area was 0:31 cm?. Left ventriculography 
showed good ventricular function without evidence 
of mitral regurgitation. Coronary angiography was 
normal. The. pulmonary arteriogram with venous 
phase showed a considerably enlarged left atrium 
and no evidence of atrial mural thrombus. After the 
procedure was discussed and explained the patient 
gave informed consent to percutaneous balloon di- 
latation of the mitral valve. 


CASE 3 

A 60 year old woman was admitted to our hospital 
with severe exertional dyspnoea and paroxysmal 
atrial fibrillation. There was a loud first heart sound 
followed by a grade 2/6 pansystolic murmur indi- 
cating mitral regurgitation. The pulmonary com- 
ponent of the second heart sound was increased and 
there was an opening snap and a diastolic rumble 
indicating mitral stenosis. The electrocardiogram 
showed sinus node rhythm with occasional pre- 
mature supraventricular complexes, incomplete 
tight bundle branch block, and hypertrophy of both 
atria. Cardiac fluoroscopy showed calcifications of 
the mitral valve. Cross sectional echocardiography 
showed severe mitral stenosis and calcification of the 
two leaflets and mitral annulus. There was no evi- 
dence of enlargement of the diameter of the left 
atrium (4-2 cm). Left ventricular function was well 
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preserved and the right atrium and right ventricle 
were enlarged. The patient was treated with frus- 
emide, a vasodilator, amiodarone, and an anti- 
coagulant. Cardiac catheterisation showed 
pulmonary hypertension (systolic pulmonary pres- 
sure 115, diastolic 37, mean 62 mm Hg). The mean 
diastolic gradient across the mitral valve was 27 mm 
Hg, the cardiac output (thermodilution technique) 
was 3:4 l/min, and the calculated mitral valve area 
was 0-54 cm?. Left ventriculography showed normal 
left ventricular function with moderate mitral valve 
regurgitation. Coronary angiography was normal. 
After the procedure was discussed and explained the 
patient gave informed consent to percutaneous bal- 
loon dilatation of the mitral valve. 


Balloon dilatation procedure 


Patients were premedicated with 30 mg of oral 
diazepam 30 minutes before the procedure. A 8 Fr 
pigtail catheter was advanced from the left femoral 
artery into the ascending aorta. The right heart was 
catheterised from the left femoral vein with a triple 
lumen Swan-Ganz catheter. Right heart oximetry 
series were performed. A 10 Fr straight catheter 
(Cook) was advanced into the left ventricle from the 
right femoral artery. A 8 Fr Brockenbrough catheter 
(USCI) was inserted into the left atrium through 
the right femoral vein by the transseptal catheter 
technique. Heparin (10000 UI) was given. The 
Brockenbrough catheter was advanced into the left 
ventricle over a long guide wire (AHS: 400 cm long, 
0-035 inch diameter). Then an angle wire loop re- 
triever (Cook: 100 cm long, with a loop 25 mm di- 
ameter formed by 0-015 inch braided cable) was 
advanced through the 10 Fr straight catheter. The 
retriever was placed in the left ventricle and was used 
to catch the flexible end of the long guide wire. The 
retrieved end of the long guide wire was drawn out 
of the right femoral artery through the straight cath- 
eter. The straight catheter was left in the descending 
aorta (fig 1). Then the Brockenbrough catheter was 
removed and a 7 Fr balloon catheter (U SCI: 7mm 
diameter when inflated) was introduced per- 
cutaneously over the long guide wire by the venous 
approach. This balloon catheter allowed interatrial 
septal dilatation and dilated the right femoral vein at 
the puncture site. This catheter was replaced over 
the long guide wire by a 9 Fr Schneider-Medintag 
Grüntzg catheter (Sch-30226, Trefoil Meier, 100 
cm long, 3 x 12 mm diameter when inflated). An- 
other type of balloon catheter (Mansfield: 18 mm 
diameter when inflated) was used in the third pa- 
tient. This balloon was inserted through the mitral 
valve over the long guide wire without difficulty. 
The balloon catheter was inflated to a pressure of 400 
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Fig 1 Cineangiogram showing a long guide wire (LGW 
pushed through the Brockenbrough catheter (BC) into the 
left ventricle (LV). The wire loop retriever was used to 
catch the flexible end of the long guide wire. The wire loop 
retriever and long guide were placed in the straight catheter 
(SC) positioned in the descending aorta. 


kPa with a 50",, mixture of saline solution and con- 
trast medium after the appropriate siting of the bal- 
loon was confirmed by a mid-balloon waist (fig 2). 
The balloon catheter was maintained in a good pos- 
ition by double traction applied to both ends of the 
long guide wire. The inflation-deflation cycle lasted 
30 seconds to one minute. Five inflation-deflation 
cycles were applied at intervals of 2-3 minutes. 
During each cycle the aortic and pulmonary capil- 
lary wedge pressures were continuously recorded. 
All three patients tolerated the procedure well. At 
the end of the procedure the balloon dilatation cath- 
eter was withdrawn over the wire and replaced by the 
Brockenbrough catheter left in the left atrium. The 
pigtail catheter introduced by the left femoral artery 
was advanced into the left ventricle. T'he mean mitral 
valve gradient was measured 20 minutes after the 
procedure. In case 2 the gradient was measured both 
at rest and after infusion of isoproterenol. Cardiac 
output was also measured by thermodilution. A new 
series of right heart oximetry measurements were 
obtained to find evidence of an atrial shunt from left 
to right. Left ventriculography was performed to 
assess mitral regurgitation. The arterial and venous 
catheters were removed. Haemostasis was achieved 
by direct compression and the patients were mon- 
itored in the intensive care unit for 24 hours. 


Results 


Percutaneous balloon dilatation of the mitral valve 
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was well tolerated by our three patients and there 
were no complications. All three showed an appre- 
ciable decrease in dyspnoea and increased exercise 
tolerance. They were rapidly discharged. The clini- 
cal improvement was confirmed two months later. 
Case 1 needed no treatment and case 2 had only 
anticoagulant treatment. The table summarises the 
haemodynamic data before and after balloon di- 
latation of the mitral valve. Dilatation reduced the 
mean gradient across the mitral valve and increased 
the calculated mitral valve area in all three patients 
(at rest in cases 1 and 3 and after an isoproterenol test 
in case 2). Right heart oximetry showed a slight left 
to right atria. shunt in patients 1 and 2. Figures 3-5 
show left ventricular and pulmonary capillary or left 
atrium pressures before and after balloon dilatation. 





Fig 2 3 x12 


mm in diameier 


Cinecngiogram showing a trefoil balloon 

centred across the mitral valve. (a) The 

balloon was indented by the stenotic mitral valve 
b; Full inflation of the balloon. 


arrows j. 
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Fig3 Simultaneous left atrial ( LA ) and left ventricular ( LV ) pressures in case 1 before balloon dilatation of the mitral 
valve (a) and after balloon dilatation of the mitral valve (b) at rest and after isoproterenol. 


Discussion remains a reliable treatment for pure mitral steno- 

sis. ? Recently in vitro and in vivo studies have 
The usual treatment for mitral stenosis is surgical shown the efficacy of mitral transvalvar dilatation by 
intervention and surgical mitral commissurotomy balloon catheter.’ !? !? The percutaneous technique 
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Table Haemodynamic data measured before and after valvotomy 
Before valvotomy After valvotomy 

Case Age (y Cardiac 
No and sex rhythm HR Mean LAP MVA MVG HR Mean LAP MVA MVG 

1 44 M SR 77 25 1:13 23 97 18 1:80 10 

2 62 F AF 73 11 0-60 5 90 4 1:90 2 

157 24 0:31 36 176 4 1-07 15 
3 60 F SR 83 37 0-54 27 82 17 0-82 16 





AF, atrial fibrillation; HR, heart rate (beats/min); LAP, left atrial pressure (mm Hg). MVA, mitral valve area (cm?); MVG, mitral 


valve gradient (mm Hg); SR, sinus rhythm. 


seems to be analogous to transvalvar dilatation by 
blunt dilatating instruments used during closed 
mitral commissurotomy. Various procedures have 
been used for percutaneous balloon dilatation of the 
mitral valve. The most usual technique is Inoue’s 
procedure’ * !! !?: the balloon catheter is introduced 
through the femoral vein and positioned across the 
mital valve after passing through the atrial septum. 
This commonly causes a small interatrial shunt but 
there were no deleterious side effects in reported 
cases. It is often difficult to maintain the balloon 
catheter in the mitral annulus during balloon 
inflation. 





Recently Babic er a/ have described a new tech- 
nique for balloon dilatation in mitral stenosis.'° The 
balloon catheter is inserted percutaneously from the 
left femoral artery over a long guide wire introduced 
into the right femoral vein, advanced transseptally to 
the left ventricle, and drawn out of the left ventricle, 
the aorta, ar.d the femoral artery using a retriever set. 
According to Babic er al this procedure has several 
advantages: easy positioning of the balloon through 
the mitral valve, improved stability of the balloon 
during inflation by traction on both ends of the long 
guide wire, and no danger of creating an iatrogenic 
atrial septal defect. Nevertheless, Babic's technique 

















Fig4 Simultaneous left atrial (LA) and left ventricular ( LV ) pressures in case 2 before balloon dilatation 
of the mitral valve (a) and after balloon dilatation of the mitral valve (b). 
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Fig5 Simultaneous left atrial (LA) and left ventricular (LV) pressures in case 3 before balloon dilatation 
of the mitral valve (a) and after balloon dilatation of the mitral valve (b). 


needs a femoral arterial approach with frequent local 
damage and considerable blood loss owing to the size 
of the balloon catheter. Our technique was inspired 
by Babic’s technique but we use a femoral venous 
approach with transseptal technique for balloon in- 
troduction. With our technique there is also easier 
positioning, excellent stability of the balloon across 
the valve, and the option of rapidly exchanging an 
undersized balloon for a larger one over the long 
guide wire. Moreover, this technique seems to be 
less arrhythmogenic and, because it facilitates man- 
ual compression of the femoral vessels after the pro- 
cedure, it reduces loss of blood. In our three cases the 
interatrial shunt after the procedure was slight or 
absent. 

The safety and long term effectiveness of the pro- 
cedure need further assessment. But the potential 
advantages of this technique over conventional sur- 
gical valvotomy are shorter hospital admission, 
lower cost, and perhaps less morbidity. 
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Transposition of the great arteries: late results in 
adolescents and adults after the Mustard procedure 


CAROLE A WARNES, JANE SOMERVILLE 


From the Paediatric and Adolescent Unit, National Heart Hospital, London 


SUMMARY A selected group of 18 patients aged 15-27 years with transposition of the great 
arteries and a previous Mustard procedure were evaluated to determine their functional ability 
and clinical state. Arrhythmias were common, occurring at some time in 16/18 (8995). Arrhyth- 
mia was serious in four; two of them required pacing and two had cardiac arrests, one resulting 
in death. Seven (4125) had right ventricular dysfunction; this was progressive in three. Tricuspid 
regurgitation was present in seven (4195); it occurred in patients with normal and reduced right 
ventricular ejection fractions. Regurgitation became progressively worse as the right ventricle 


dilated. Left ventricular function was well preserved in most patients. 
Fourteen (82%) of this pioneer group were leading normal lives (ability index 1 or 2). Although 
these results are acceptable concern remains about the probability of deteriorating right ventric- 


ular function. 


The introduction of an intra-atrial baffle repair for 
transposition of the great arteries (the Mustard pro- 
cedure) in 1964' dramatically changed the prognosis 
of babies born with this anomaly. Concern about the 
long term results remains, particularly the capacity 
of the tricuspid valve and right ventricle to support 
systemic pressure for many years. Much has been 
written about the short and medium term results of 
the Mustard procedure, but little is known about the 
long term functional ability of these patients when 
they become adults. We evaluated a selected group 
of survivors who reached adulthood after the 
Mustard procedure. 


Patients and methods 


We studied all patients with angiographically 
proven transposition of the great arteries and a pre- 
vious Mustard operation who were seen at the 
National Heart Hospital, London, since 1965 and 
who survived beyond the age of 14 years. All 
patients were referred from the Hospital for Sick 
Children in London. There were 18 patients aged 
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15-27 years (mean 20) who had had a Mustard oper- 
ation when they were five months to 11 years old; 
one patient has died. Table 1 shows the clinical data. 
Eleven patients (61%) had had a Blalock-Hanlon 
septectomy at nine days to six years and six patients 
had had a Rashkind atrial septostomy. Three 
patients required ligation of a ductus arteriosus 
(cases 10, 12, and 16), three had closure of a ventric- 
ular septal defect (cases 10, 14, and 16), and one had 
a pulmonary artery banding (case 10). The 17 living 
patients were seen in 1986 (mean follow up 18 years) 
and had clinical examination, chest xray, electro- 
cardiogram, cross sectional echocardiogram, exer- 
cise test using the modified Bruce protocol, and 24 
hours of ambulatory electrocardiography. Left and 
right ventricular ejection fractions were measured 
by equilibrium electrocardiogram gated radio- 
nuclide angiography. The ability index? was 
assessed in each patient to evaluate their quality of 
life. Seven had cardiac catheterisation after oper- 
ation; in three this was because of deteriorating 
haemodynamic function. 


Results 


One patient (case 18, aged 15) who had cardiomegaly 
and heart failure for three years died in a disco. He 
had had episodes of atrial fibrillation and flutter 
from the age of three and despite four cardioversions 
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epulmonary artery; PHT, pulmonary hypertension; 
TR, tricuspid regurgitation. 
did not maintain sinus rhythm. He also had episodes 
of nodal rhythm with rates of 45 beats per minute 
during sleep. Quinidine had been stopped a month 
before he died when his ability index was 3. 


ABILITY INDEX AND EXERCISE CAPACITY 
Fourteen of the 17 patients have an ability index of 1 
or 2 and are either working or are at school or col- 
lege. One (case 4) had an uncomplicated pregnancy 
and has a normal three year old son. Three patients 
(cases 5, 7, and 16) have deteriorated from ability 
indices of 2 to 3 in the past year because of right 
ventricular failure and tricuspid regurgitation. 
Figure 1 shows the ability index and exercise capac- 
ity of 17 patients. 

Most patients (10/17 (59%)) reached at least stage 
IV of the modified Bruce protocol and stopped 
because of shortness of breath or fatigue. No one 
stopped exercise because of arrhythmia. The two 
most severely limited patients (cases 5 and 16) could 
not complete stage II of the exercise test. Both have 
considerable 1:mpairment of right ventricular func- 
tion and pulmonary hypertension. The ability index 
of each patient correlated approximately with the 
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Tablel  Climcal data on 18 patients aged > 14 years with transposition of the great arteries and a Mustard operation 
Agen Age at Previous Abihty Exercise LVEF RVEF Banc ; 
Case 1987 ustard Year operations Age index test (Bruce) (%) (%) rhythm Complications 
Alive 
1 21 6yr 1965 = Blalock-Hanlon 9 days 1 Stage IV 60 26 SR R hemiplegia 
2 26 6 yr 1966 Blalock-Hanlon 2 mnth 1 Stage IV 59 53 Juncnonal Mild MR, TR 
3 26 Ll yr 1971  Blalock-Hanlon 6yr 2 Stage III 50 30 SR zx 
4 25 6yr 1965  Blalock-Hanlon 2imnth 1 Stage IV 57 43 SR = 
5 25 5 yr 1966 3 Stage II 25 27 SR RVF, 
severe PHT, 
severe TR 
6 22 4yr 1967  Blalock-Hanlon 10 moth 1 Stage IV 75 55 Junctonal “Sudden death”, 
severe LVOTO 
7 21 14 mnth 1966 Blalock-Hanlon lyr 3 Stage III 48 24 Paced RVF, severe TR 
8 20 5yr 1971 Blalock-Hanlon 2 moth 2 Stage III 55 45 Junctional — 
9 20 17 mnth 1967 Blalock-Hanlon 7 weeks 1 Stage IV 51 35 Juncnonal Mild TR 
10 20 3 yr* 1967 Blalock-Hanlon 9 mnth 2 Stage III 66 48 SR — 
+ ligation of DA 
+ banding of PA 
ti 19 2yr 1969  Rashkmd 9 days 1 Stage IV 57 36 SR R hemiplegia, 
epilepsy 
«42 18 22mnth 1969 (+ ligation of DA) 1 Stage III TI 43 SR Epilepsy 
7 yr 1974 (obstructed Mild TR 
venous inflow) 
13 18 13 mnth 1969  Rashkind 3 weeks 1 Stage IV 46 30 SR — 
44 17 6 yr* 1974 Rashkind 6 days 1 Stage IV 43 25 SR LVOTO 
Blalock-Hanlon 2yr 
«45 17 7 mnth 1970 Rashkind 3 mnth 1 Stage V 61 44 SR Mild TR 
46 15 10 mnth* 1970 — Rasbkind 2mnth 3 Stage II 30 17 Juncnional RVF, 
+ hgation of DA severe PHT, 
severe 
«7 15 5mnth 1972 Rashkind 2 days 1 Stage IV 40 50 Junctronal — 
Tyr 1978 (obstructed 
venous mflow) 
Dead: 
18 15 22 mnth 1966 . Blslock-Hanlon 4mnth Atrial flutter! RVF, 
fibrillanon cardioversions 
x 4, sudden 
death 
*Closure of ventricular septal defect 
“DA, ductus arteriosus; LVEF, left ventricular eyecuon fraction; LVOTO, left ventricular outflow tract obstruction; MR, mutral tauon, PA, 


R, right; RVEF, right ventricular ejection fraction; RVF, right ventricular failure, SR, sinus rhythm; 


VI 


= = < < 


— 


Exercise stage (modified Bruce protocol) 





Figl Exercise capacity on the treadmill of 17 adults after 
the Mustard procedure. The ability index of each patient is 
shown. Grade 1 = normal hfe mth full time work; grade 2 
= able to do part time work, life modified by symptoms; 
grade3 = unable to work, limited activitws; grade 4 = 
extreme lmitanon, dependent. 
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Fig2 Ventricular ejection fractions, measured by 
radwnuchde angiography, of 17 adults after the Mustard 
procedure. The ability index of each patient is shown within 
the circles. LV, left ventricle; RV, right ventricle. 


exercise capacity on formal testing. Two patients 
(cases 1 and 11) had hemiplegia which dated from 
the time of the Mustard operation, and two patients 
(cases 11 and 12) had epilepsy. 


HAEMODYNAMIC AND VENTRICULAR 

FUNCTION 

Figure 2 shows the left and right ventricular ejection 
fractions measured by radionuclide angiography. 
Seven (41%) of 17 patients have impaired (<35%) 
right ventricular ejection fractions (cases 1, 3, 5, 7, 
13, 14, and 16); only three (cases 5, 7, and 16) have 
symptoms. In all of them progressive right ventricu- 
lar failure developed in the past year when they were 
15, 20, and 24 years old. Tricuspid regurgitation was 
moderate to severe in all three and obviously 
progressive in two. 

Patient 7 was first seen at the National Heart Hos- 
pital in 1983, aged 18, when he had an ability index 
of 2 and a cardiothoracic ratio of 0-59. He had atrial 
flutter after his Mustard operation in 1966, and 
required an epicardial pacemaker in 1980 when the 
ventricular rate fell to 40/min. Five years later 
increasing dyspnoea developed and he needed 
diuretics; his cardiothoracic ratio had risen to 0-64. 
Investigation showed a pulmonary artery pressure 
of 40/16 mm Hg with a dilated right ventricle (ejec- 
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tion fraction 24%) and important tricuspid regur- 
gitation. 

Symptomatic right ventricular failure in patients 
5 and 16 was associated with severe pulmonary 
hypertension of different aetiologies. Patient 5, the 
only patient to have neither a septostomy nor a sep- 
tectomy, had a Mustard operation when he was five 
years old. Preoperative pulmonary artery pressure 
was 24/8 mm Hg and was the same four years later 
when mild tricuspid regurgitation with good right 
ventricular function was demonstrated angio- 
graphically. At the age of 19 he had an ability index 
of 2 with mild dyspnoea and an episode of atrial 
flutter; a murmur of tricuspid regurgitation 
remained and the cardiothoracic ratio was 0 50 (fig 
3a). He returned five years later (1985) with cardio- 
megaly and tricuspid regurgitation which worsened 
over the next year giving him an ability index of 3 
and a cardiothoracic ratio of 0-73 (fig 3b). The right 
ventricular ejection fraction had fallen to 27%. Car- 
diac catheterisation showed a grossly dilated, poorly 
contracting right ventricle with severe tricuspid 
regurgitation. 

Patient 16 had a duct ligated at two months, and at 
the age of 10 months, before his Mustard operation, 
he had a pulmonary artery pressure of 80/40 mm Hg 
and a calculated pulmonary vascular resistance 
which was 50% of systemic. At the time of the Mus- 
tard procedure a’ slit-like ventricular septal defect 
was closed through the tricuspid valve, but before 
surgical closure both ventricular pressures were 
equal. When he was seen at age 15 years the right 
ventricular ejection fraction-was 17%, the ventricu- 
lar septal defect was open, there was.severe tricuspid 
regurgitation, and his pulmonary artery pressure 
was equal to systemic pressure. 

The right ventricular ejection fractions of the 
other four patients with asymptomatic right ventric- 
ular impairment ranged from 25% to 30%. 

Four other patients (cases 2, 9, 12, and 15) have 
mild tricuspid regurgitation; three (cases 2, 12, and 
15) have good right ventricular function and the 
other has a right ventricular ejection fraction which 
is at the lower limit of normal (35%). Thus 10 of 17 
patients have normal right ventricular ejection frac- 
tions and four of them have established tricuspid 
regurgitation; in two (cases 12 and 15) it has devel- 
oped in the last year with progressive dilatation of 
the right ventricle. 

Left ventricular ejection fractions were normal 
(> 45%) in 13 (76%) patients. Four patients (cases 
5, 14, 16, and 17), two (14 and 16) with a ventricular 
septal defect, have impaired left ventricular ejection 
fractions. The worst affected (cases 5 and 16) with 
ejection fractions of 25% and 30% have severe pul- 
monary hypertension. The other two patients have 
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Fig3 (a) Chest radiograph of patient 5 at 1 9 years of age. At this time he had mild tricuspid regurgitation and an ability 
index of 2. His cardiothoracic ratio was 50°,,. (b) Chest radiograph six years later when he had severe tricuspid regurgitation 


and an ability index of 3. His cardiothoracic ratio was 73%. 


only mild impairment of left ventricular ejection 
fraction (43% and 40%); one (case 17) required a 
second bypass to refashion the atrial baffle six years 
after the original procedure, and at the time of the 
Mustard operation patient 14 required closure of a 
ventricular septal defect and resection of a thick 
fibrous ridge of tissue that was obstructing the left 
ventricular outflow tract and producing a gradient of 
70 mmHg. She shows slight residual subvalvar 
obstruction on cross sectional echocardiography but 
is symptom free. She has not been recatheterised. 
The left ventricular outflow tract was obstructed in 
two patients in this series. The other patient (case 6) 
with a left ventricular systolic gradient of 75 mm Hg 
at rest becomes hypotensive with the onset of supra- 
ventricular tachycardia but is symptom free in sinus 
rhythm. He had a gradient of 60 mm Hg across the 
left ventricular outflow tract before his Mustard 
operation, but at operation this was not thought 
severe enough to warrant resection. His obstruction 
appears to be caused mainly by the interventricular 
septum which bulges markedly to the left and 
encroaches on the outflow tract. 

Four patients (cases 10, 12, 13, and 17) had 
obstruction of the systemic venous inflow detected 
at cardiac catheterisation; two had facial oedema 
(cases 12 and 17) and needed refashioning of the 
Mustard operation five and six years after the 


original operation. The other two have no clinical 
evidence of caval obstruction. No patient had 
pulmonary venous obstruction. 


ARRHYTHMIAS 

In all patients sinus rhythm was confirmed before 
the Mustard operation by the routine electro 
cardiogram. Figure 4 summarises the results of the 
current electrocardiograms and of the 24 hour 
ambulatory electrocardiograms and table 2 shows 
the changes in the electrocardiograms on exercise 
and Holter monitoring for each patient. Ten (59' 
of the 17 patients were in sinus rhythm when the 
resting electrocardiogram was measured, six were in 
junctional rhythm, and one was paced (case 7) by an 
epicardial pacemaker implanted for atrial flutter 
with block 13 years after the Mustard operation 
Abnormalities of rhythm were more often seen on 
Holter monitoring than on the routine electro 
cardiograms. Only two (cases 10 and 15) of the 10 
patients in sinus rhythm at rest maintained this 
rhythm throughout the monitoring period. Sinus 
node dysfunction was the most common abnormal! 
ity. The criteria for sinus node dysfunction were: (a 
sinus bradycardia (heart rate < 50 beats/minute dur 
ing the day or « 40 beats/minute during the night); 
(b) sinus pause > 2 seconds; or (c) sinus node default 
leading to junctional rhythm or ectopic atrial 
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Rest Holter 


Sinus rhythm (2) 
Junctional 

Atrial tachycardia (2) 
PAV block 

2° AV block 

Ventricular couplets (1) 


Sinus rhythm 40) 


Sinus rhythm (3) 

Sinus rhythm » atrial extra- 
systoles(1) 

Atrial tachycardia + bigeminy" (1) 

Sinus rhythm « couplets(1) 


Junctional 


couplets 
Paced » atrial and ventricular 
Peced()— — — extrasystoles 
* Resuscitated from sudden death 


Fig4 Summary of resting and Holter electrocardiograms of 
17 adults after the Mustard procedure. AV , atrioventricular. 


rhythm. It was present in 10 (59°) of the 17 sur- 
vivors. Some patients had combinations of sinus 
node dysfunction and atrial and/or ventricular 
ectopic complexes (table 2); some of these arrhyth- 
mias were evident on exercise testing. Atrio- 
ventricular block was present at some time in three 
patients (cases 6, 11, and 14). It was first degree in 
two and second degree in one. 

Five of the six patients with junctional rhythm at 
rest went into sinus rhythm on exercise (cases 2, 6, 8, 
17, and 19). Junctional rhythm occurred at some 
time in 11 patients, but junctional bradycardia ( « 40 
beats/minute) was found in only three (cases 2, 4, 
and 8). Patient 2 with the tachy/bradycardia syn- 
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drome had sinus arrest for five seconds and was 
paced, and patients 4 and 8 have bradycardias dur- 
ing sleep («34 beats/minute) but return to sinus 
rhythm on exercise. Both are regularly monitored. 
One other patient was paced because of atrial flutter 
and a slow ventricular response. 

One patient (case 6) was resuscitated from ‘‘sud- 
den death". Before this he was in stable junctional 
rhythm. Electrophysiological study demonstrated a 
rapid supraventricular tachycardia associated with 
profound hypotension, probably contributed to by 
an associated left ventricular outflow tract obstruc- 
tion. He has remained free of tachycardia for one 
and a half years on digoxin and disopyramide. 

Although few patients showed ectopy on the rou- 
tine electrocardiogram, nine patients showed atrial 
or ventricular ectopy or both on exercise testing or 
Holter monitoring. 


Discussion 


This series was selected by survival and referral and 
does not necessarily reflect the results of all patients 
after the Mustard procedure. Patients were operated 
on at the Hospital for Sick Children between 1965 
and 1974 and should be regarded as a pioneer group. 
Between 1965 and 1971, 200 patients had the Mus- 
tard operation in that unit,? but we do not know the 
long term fate of the other patients. Referral to our 
unit was by consultant preference. 

This study was undertaken to determine the prob- 
lems faced by adult survivors. The mean follow up is 
probably the longest of any published report. 


Table2  Electrocardiograms at rest, on exercise, and on Holter monitoring in 17 patients after a Mustard operation 
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Case Resting ECG Exercise Holter 
1 SR SR, occasional unifocal VPCs Junctional-triplet (idioventricular escape) 
2 Junctional, RBBB, L post SR, RBBB Junctional bradycardia, atrial fibrillation, sinus arrest 
hemiblock (58) 
3 SR, RBBB SR, occasional VPCs, occasional APCs (multifocal atrial tachycardia), SVT, junctional 
Cs rhythm, VPCs 
4 SR SR, occasional APCs APCs (unifocal), sinus arrest (2 s), junctional bradycardia 
5 SR, RBBB Junctional, APCs (unifocal), Atrial tachycardia, with 2:1 A-V block 
VPCs (bigeminy) 
6 Junctional SR, occasional VPCs, occasional APCs, VPCs, junctional, 1° A~V block 
APCs 
7 Paced (flutter with block) Junctional, APCs, VPCs VPCs, APCs 
8 Junctional SR Junctional bradycardia, APCs (unifocal) 
9 Junctional SR Junctional 
10 SR SR SR 
il SR, RBBB SR, RBBB 1° A-V block, intermittent 
12 SR VPCs (bigeminy), APCs VPCs (bigeminy) 
13 SR SR Junctional 
14 SR SR 2° A-V block 
15 SR SR SR 
16 Junctional, RBBB Junctional, RBBB Occasional SR, ventricular couplets, APCs 
17 Junctional SR Junctionai/SR 


pM tt E HRS 
APCs, atrial premature complexes (extrasystoles); A-V, atrioventricular; L post, left posterior; RBBB, right bundle branch block; SR, sinus 
rhythm; SVT, supraventricular tachycardia; VPCs, ventricular premature complexes (extrasystoles). 
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Arrhythmias were the most common complication 
and they occurred at some time in 16/18 patients 
(89%); seven were symptomatic. The reported fre- 
quency of rhythm and conduction disturbances 
after the Mustard operation varies from 13% to 
100%.*~7 The high frequency in our series could in 
part be explained by the inclusion of some brady- 
cardias that may occur in the normal population® 
and may also relate to the intensity of search for 
arrhythmias—the combination of exercise testing 
and Holter monitoring undoubtedly increases the 
yield. But more likely explanations are that many of 
our patients had had a Blalock-Hanlon septectomy 
(11/18, 61%) and the long duration of patient follow 
up, since the frequency of sinus rhythm decreases as 
patients are followed for longer periods.? ^ !! 

Seven patients (cases 2, 3, 5-7, 12, and 18) 
required intervention because of arrhythmia and, as 
in other studies, ? tachycardia and bradycardia have 
been frequent. Two (cases 2 and 7) required pacing, 
three (cases 5, 12, and 18) needed cardioversion for 
atrial flutter, and two needed antiarrhythmic treat- 
ment for supraventricular tachycardia. Only one 
patient (case 2) needed all these treatments at 
different times because of the tachy/bradycardia 
syndrome. The arrhythmias were easy to control, 
with the exception of patient 18 who died of recur- 
rent atrial fibrillation and severe right ventricular 
failure. 

As in other studies!? sinus node dysfunction was 
common (59%). It is caused either by direct damage 
at operation or by obliteration of the sino-atrial node 
artery. Previous electrophysiological studies showed 
a slow pacemaker recovery time after the Mustard 
procedure, with the junctional area sometimes 
recovering before the sinus node.!? The absence of 
intra-atrial, atrioventricular, and His-Purkinje con- 
duction abnormalities'* also suggests that sinus 
node damage is the main cause of arrhythmias in 
these patients. 

It is surprising that five of the six with junctional 
rhythm at rest developed sinus rhythm on exercise, 
but this finding should not be considered reassuring 
since one patient (case 2), who had been in junc- 
tional rhythm for 10 years and symptom free, devel- 
oped bradycardia and sinus arrest with dizziness and 
required pacing. 

"Although no continuous arrhythmias were pro- 
voked by exercise, ventricular extrasystoles were 
provoked in six and were seen on the Holter record- 
ings in six. None had ventricular tachycardia, but it 
may develop later. Ventricular tachycardia is a rec- 
ognised cause of morbidity after the Mustard oper- 
ation, and previous studies have demonstrated mul- 
uple ventricular extrasystoles in 12-40% of patients 
after this operation.? !? Thus, although collapse and 


153 


sudden death late after the Mustard procedure have 
been associated with atrioventricular conduction 
abnormalities,’ tachycardia, either supraventricular 
or ventricular, may be equally important; as shown 
by patient 6 who was resuscitated from “sudden 
death”. Both exercise testing and Holter monitoring 
should be performed annually in Mustard patients 
to detect potentially life threatening arrhythmias. 
Previous reports have suggested that arrhythmias 
are more common in those who have a more compli- 
cated surgical repair (closure of a ventricular septal 
defect or resection of subpulmonary stenosis)® but 
in this series no such relation was shown. 

Right ventricular dysfunction is a well recognised 
complication of the Mustard procedure; however, it 
may be present before operation. It is thought to 
occur because the structure and contraction pattern 
of the right ventricle are often abnormal and the 
ventricle is additionally stressed by having to sup- 
port systemic pressure. We found a high fre- 
quency (4195) of reduced nght ventricular ejection 
fraction in our patients. It caused symptoms in three 
who have associated tricuspid regurgitation. The 
development of right ventricular failure was not pre- 
dictable; of the three symptomatic patients, one with 
a ventricular septal defect developed failure at 15 
years and the other two (cases 5 and 7) developed 
failure at 25 and 21 years respectively. Patient 5 had 
had a normal cardiothoracic ratio five years before 
although he did have established tricuspid regur- 
gitation. There was a possible explanation for 
reduced right ventricular ejection fractions in five of 
the seven patients in whom this feature was found— 
two had had a ventricular septal defect closed and 
three had had the Mustard operation performed 
when they were more than five years old. The other 
two had the operation performed when they were 
less than 14 months old. Ventricular septal defects 
are known to be associated with impaired ventricular 
function!5; two of the three who had a ventricular 
septal defect had reduced right ventricular ejection 
fractions. Preoperative damage from hypoxia may 
also contribute to right ventricular dysfunction, 
which would suggest that patients undergoing the 
Mustard operation later in life would be more sus- 
ceptible to right ventricular dysfunction. This sug- 
gestion was not borne out by this study, in which 
only three patients (cases 15-17) had the operation 
in infancy. 

Tricuspid regurgitation was found in seven 
(41%); four of them had normal right ventricular 
ejection fractions. In two patients (cases 12 and 15) 
tricuspid regurgitation was detected by Doppler 
within the last year and was associated with right 
ventricular dilatation seen on cross sectional echo- 
cardiography. Tricuspid regurgitation occurs pari 
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passu with right ventricular dilatation, as the tri- 
cuspid valve ring stretches and the leaflets fail to 
coapt. Initially the ejection fractions are preserved. 
No one had tricuspid regurgitation secondary to 
ruptured chordae or endocarditis. Previous reports 
have suggested that severe tricuspid regurgitation 
and right ventricular dysfunction are commonly 
related to surgical closure of a ventricular septal 
defect through the tricuspid valve!® 17; only one of 
our three patients who had a ventricular septal 
defect closed has tricuspid regurgitation. 

The management of patients who develop right 
ventricular failure and tricuspid regurgitation late 
after the Mustard procedure is difficult. Tricuspid 
valve replacement in the presence of severe right 
ventricular failure carries a high risk. Other treat- 
ment options include cardiac transplantation or a 
two stage procedure with banding the pulmonary 
artery to “retrain” the left ventricle, followed by an 
arterial switch and take down of the atrial baffle. 
Early results appear to be satisfactory,!? provided 
that pulmonary artery banding is performed when 
diuretics become necessary. 

Left ventricular ejection fractions were normal in 
13/17 patients (76%); two of the four with impaired 
function (one with pulmonary hypertension) had 
closure of a ventricular septal defect at the time of 
the Mustard procedure, and closure has been a rec- 
ognised association in other studies.!* Pulmonary 
hypertension resulting not from a ventricular septal 
defect but from tricuspid regurgitation probably 
causes left ventricular dysfunction in one other 
patient. 

Obstruction of the left ventricular outflow tract 
was uncommon in this series and only caused symp- 
toms when it was associated with a tachycardia. 
Obstruction did not appear to progress. Obstruction 
of the superior vena cava was also uncommon 
(1796); all three patients with this feature had col- 
lateral venous channels demonstrated on angio- 
graphy, but the presence of collaterals does not pre- 
clude clinical symptoms.!?. We have no evidence 
that caval obstruction recurs late after initial relief. 

Most late survivors (14/17, 82%) lead normal 
lives and have a good exercise capacity, although 
abnormal ventricular ejection fraction responses to 
exercise have been found in some long term sur- 
vivors of the Mustard procedure, suggesting a 
decrease in myocardial reserve.'? 

"These results in selected patients illustrate some 
of the problems which may be faced by adults with 
transposition treated by intra-atrial baffle pro- 
cedures. Practices have changed since these patients 
had their operations and intra-atrial switch pro- 
cedures are now usually performed in infancy and 
arterial switch operations during the neonatal 
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period. Thus in the future problems may be 
different. Most of this pioneer group have survived 
into their twenties and lead normal active lives. But 
we remain concerned about the long term function 
of the right ventricle in these patients. 


Mr J Stark, Mr M de Leval, the late Mr D Water- 
ston, and the late Mr E Aberdeen successfully oper- 
ated on these patients. We thank Dr R Bonham 
Carter, Dr J Taylor, Professor F Macartney, and Dr 
A Hollman for referring these patients for long term 
care. 

CW was supported by a grant from the British 
Heart Foundation. 
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SUMMARY A histopathological index of contractility failure, which was reported to be accurate . 
for the diagnosis of idiopathic dilated or congestive cardiomyopathy in Japan, was used to assess 
endomyocardial biopsy specimens from 41 Dutch patients with suspected dilated cardio- 
myopathy. The calculated index had a sensitivity of 62-594 and a specificity of 68% for idiopathic ` 
dilated or congestive cardiomyopathy. These disappointing results indicate that the 
histopathological index of contractility failure does not reliably distinguish between idiopathic 
dilated cardiomyopathy and other diseases that cause congestive heart failure. 


It is a matter of debate whetber or not endo- 
myocardial biopsy spécimens should be used for the 
diagnosis and management of patients with idio- 
pathic dilated (congestive) cardiomopathy.! ? The 
criteria set by the WHO/ISFC task force define the 
term “dilated cardiomyopathy" as a heart muscle 
disease of obscure origin with dilation of the ventri- 
cles.* Decreased myocardial contractility is the 
prime mechanical disorder.) The histopathological 
findings, such as myocyte hypertrophy, degener- 
ation, interstitial fibrosis, and endocardial prolif- 
erative changes, are in themselves non-specific.® 

The major contribution of an endomyocardial 
biopsy specimen, therefore, is to rule out other con- 
ditions that can cause congestive heart failure, such 
as idiopathic myocarditis.!° The existence-of a 
relation between the features of endomyocardial 
biopsy specimens and prognosis is also contro- 
versial. Some workers found that prognosis was 
poor when myocardial fibrosis was widespread,’ !! 
but others did not find such a clear correlation 
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between light microscopical and ultrastructural 
findings and the course of the disease. !?!? An 
important reason for this discrepancy may be vari- 
ation in the time of biopsy in relation to the stage of 
the disease. Biopsy specimens are usually taken after 
the onset of signs and symptoms and, hence, in most 
instances late in the course of the myocardial disease 
process. Indeed, inflammatory cell reactions were 
more common in those patients in whom the biopsy 
specimen was obtained early in the disease pro- 
cess. 1* 15 This led to the assumption that idiopathic 
dilated cardiomyopathy may represent the end stage 
of a previous myocarditis.!* 

In view of these almost universally accepted 
findings it is surprising that Sekiguchi er al 
and Hiroe have claimed to have established 
histopathological criteria that enable them 
accurately to diagnose dilated cardiomyopathy on 
endomyocardial biopsy specimens irrespective of 
the'stage of the disease. !? Sekiguchi et al and 
Hiroe have worked out a histopathological index of 
the failure of contractility, which they claim is a 
highly specific and sensitive method for the diagno- 
sis of idiopathic dilated (congestive) cardio- 
myopathy. 

Because this approach does not appear to have 
been evaluated outside Japan we used the Japanese 
criteria to study a series of endomyocardial biopsy 
specimens taken from patients in whom the initial 
clinical diagnosis was idiopathic dilated cardio- 
myopathy. 
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Fig1 Photomicrographs of endocardial biopsy specimens from patients with idiopathic dilated cardiomyopathy showing 
degeneration and lysis of myocytes as defined by Sekiguchi et al'’'* and Hiroe.!? Note the abundance of contraction bands, 
which are an artefact related to the procedure. (a) Mild ( + ) cytoplasmic vacuolisation with mild interstitial fibrosis 

(b) Severe lysis (++ + ). The differences in staining intensity are related to embedding of the tissue in plastic 
Ultrastructural studies showed ischaemic changes with otherwise well preserved cellular organelles. Toluidine blue stain 


(original magnification a, x 140; b, x 64). 


Patients and methods 


ENDOMYOCARDIAL BIOPSY SPECIMENS 

We studied 41 patients (34 men and 7 women; aged 
18-76, mean 42 years) in whom the initial clinical 
diagnosis was idiopathic dilated (congestive) cardio- 
myopathy. We studied a mean of five biopsy speci- 
mens from each patient; all were taken from the left 
ventricle. The specimens were fixed immediately in 
2:5", phosphate buffered (pH 7:35) glutaraldehyde 
and embedded in epon. Sections 0-5 jim thick were 
cut and stained with an alkaline toluidine blue 
solution. 


HISTOLOGICAL ASSESSMENT 

The histological index of the failure of contractility 
was assessed according to Sekiguchi er a/' ' '* and 
Hiroe.'? We followed the criteria set by the Japanese 


workers as accurately as possible; but this does not 
imply that we agree with their interpretation of the 
various histological and cytological features. 

The index is based on three pathological features 
degeneration and lysis of myocytes, interstitial 
fibrosis, and fragmentation of muscle bundles. Each 
of these histological features was scored from 0 to 3 
(figs 1-3). The index was calculated by adding the 
score for each of the three histological features. 

In addition, attention was given to attenuation of 
myocytes, smooth muscle cell hyperplasia in the 
endocardium, and changes in small vessels. The 
histological analysis was performed without 
knowledge of the clinical diagnosis. 


CLINICAL DIAGNOSIS 
The table shows the definitive diagnoses in 41 
patients with an initial clinical diagnosis of idio 


EU M 


E 5 2 ) vis F< ne 
=a 2d Er v. et - 


O- 





Yonesaka, Becker 


Fig2 Photomicrographs showing interstitial fibrosis in endocardial biopsy specimens from patients with idiopathic dilated 
cardiomyopathy. (a) Mild fibrosis ( + ). The myofibres are mainly oriented longitudinally and contain contraction bands. 

( b) Severe fibrosis (+ ++). The increased amount of fibrous tissue can be recognised despite the different orientation of the 
myocytes. Toluidine blue stain (original magnification a and b, x 100). 


pathic cardiomyopathy. The clinical diagnosis of 
idiopathic dilated cardiomyopathy (16 patients) was 
based on collective data, including the patient’s his- 
tory, physical and laboratory examinations, chest 
xrays, electrocardiographic tracings, echocardio- 
graphy, radionuclide imaging, and cardiac cath- 
eterisation, including selective coronary arte- 
riography. In each instance the clinical signs had 
been present for over six months and the patients all 


Table Definitive clinical diagnoses 





wo 


Idiopathic dilated cardiomyopathy 
Idiopathic hypertrophic cardiomyopathy (HCM) 
Arrhythmias: 
Paroxysmal supraventricular tachycardia 
Paroxysmal! ventricular tachycardia 
Hypertensive heart disease 
Ischaemic heart disease 
Valvar heart disease 
Miscellaneous 
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out of heart failure and fit for biopsy. The diagnosis 
idiopathic hypertrophic cardiomyopathy was based 
primarily on the clinical features defined by the 
WHO/ISFC task force.* In the present series two 
patients had aortic and mitral valve insufficiency of 
uncertain origin. The six patients in the miscel- 
laneous group had various conditions, such as rheu- 
matoid heart disease, lymphoblastic leukaemia, 
acquired immune deficiency syndrome, and no car- 
diac abnermalities. 


Results 


Hypertrophy of myocytes was seen in all 41 patients 
but smail vessel disease and inflammatory cell 
infiltration were not seen in any. Attenuation of the 
myocytes was seen in only two of the 16 patients 
with idiopathic dilated cardiomyopathy. 
Endocardial smooth muscle cell hyperplasia was 
seen in six of these 16 patients and in one each of the 
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Fig 3 Photomicrographs showing fragmentation of muscle bundles in endocardial biopsy specimens from patients with 
idiopathic dilated cardiomyopathy. (a) Mild ( +) and (b) severe (+++). The term fragmentation includes fibres that 
taper out or “fragment” amidst fibrous tissue. Toluidine blue stain (original magnification a and b, x 100). 
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Fig4 Histopathological index of failure of contractility calculated from endomyocardial biopsy specimens and 
corresponding clinical diagnoses. DCM, idiopathic dilated cardiomyopathy; HCM, hypertrophic cardiomyopathy; 
Hyper HD, hypertensive heart disease; IHD, ischaemic heart disease, VHD, valvar heart disease. 
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five patients with primary arrhythmias and the two 
patients with valvar heart disease. 

Figure 4 shows the histopathological contractility 
failure index and the corresponding clinical diagno- 
sis for all patients. According to Sekiguchi and co- 
workers a high index score is diagnostic for dilated 
cardiomyopathy. They use a mean (SD) value of 3-5 
(1-4) as the indicator for the disease.'° In the present 
study, therefore, an index score of >3 is regarded as 
positive histological evidence of dilated cardio- 
myopathy. 

The sensitivity and specificity of the index were as 
follows: 


Sensitivity = zzz oE nesae ON 
B 2% x 100 = 62:5% 
Specificity = sarcesoaitine P irenegae * 100 
- itp x 100 = 68% 
Discussion 


The diagnosis idiopathic dilated or congestive 
cardiomyopathy is difficult because it is based 
mainly on the exclusion of known causes of heart 
failure rather than on positive criteria. It is likely 
that the disease has a multifactorial origin with a 
final common pathway characterised by decreased 
myocardial contractility. From this it is under- 
standable that the histopathology in the later stages 
of the disease will be non-specific and, from the 
point of view of diagnosis, not very helpful. 
Baandrup et al did not find a significant correlation 
between the histological features and the clinical 
diagnosis in a series of 361 endomyocardial biopsy 
. specimens from patients with suspected cardio- 
myopathy.'* Moreover, they were unable to confirm 
the congestive nature of the underlying heart disease 
on the basis of the biopsy specimens alone and con- 
cluded that biopsy specimens did not indicate the 
prognosis. Moreover, in a retrospective study, they 
found no relation between ultrastructural findings 
and prognosis.^? When Breithardt and co-workers 
used a scoring system that resembled the one used 
by Baandrup et al they too concluded that the results 
of long term follow up could not be accurately estab- 
lished from biopsy specimens.!? On the other hand, 
myocyte degeneration appeared to be a prognos- 
tically important factor in patients with a history of 
less than two years. More recently, Rose and Beck 
examined 76 endomyocardial biopsy specimens 
from patients with the clinical diagnosis of dilated 
cardiomyopathy and 54 necropsy specimens from 
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patients with this disease.?! They found fibrosis in 
only 28%, of the endomyocardial biopsy specimens 
and in 5094 of the sections obtained at necropsy. 
Moreover, they found remarkably little 
myocytolysis—none in the endomyocardial biopsy 
specimens and only 9% in the necropsy series. 
These workers aiso concluded that the clinical eval- 
uation of cardiac dysfunction correlated poorly with 
the morphology of the myocardial tissue. The 
findings of Rose and Beck,?^' in particular, are in 
striking contras: with the observations made by 
Sekiguchi et al, who showed 100°, fibrosis both in 
the endomyocardial biopsy specimens and in the 
necropsy specimens and a much higher frequency of 
degeneration, including myocytolysis. In fact, 
Sekiguchi et al emphasised that a semiquantitative 
assessment of the endomyocardial biopsy specimens 
predicted the outcome in patients with dilated 
cardiomyopathy.! ^ ^ !? 

Why do workers in different parts of the world 
come to such divergent conclusions? We followed 
Sekiguchi’s method as closely as possible. This was 
not easy because the precise criteria on how to apply 
the grading system from 0 to 3 for each of the key 
items—that is degeneration and lysis of myocytes, 
interstitial fibrosis, and fragmentation of muscle 
bundles—are not clearly stated. Moreover, 
identification of the histopathological features pro- 
moted by the Japanese workers is highly subjective. 
Another important criticism is that the changes may 
represent various non-specific responses to injury, 
such as ischaemia. For instance, the degenerative 
changes that they assess are for the most part 
myofibrillar degeneration as described by 
Reichenbach and Benditt?? (fig la). Also vacuolar 
degeneration (fig 1b) is highly suggestive of sub- 
endocardial ischaemia as described by Geer et al.” 
The changes regarded as typical of fragmentation of 
myocytes may be partly the result of orientation of 
myocytes out of the plane of section and fibrosis. In 
the present study, however, these changes were cate- 
gorised as "fragmentation". Despite our reserva- 
tions about the histological interpretation of these 
features we followed the Japanese criteria as closely 
as possible to ensure that the two studies were com- 
parable. 

We found that histological assessment did not 
allow a clear and unambiguous differentiation of the 
various clinical subgroups or of individual patients. 
Nevertheless, the histopathological index was much 
higher in patients with dilated cardiomyopathy (3:3) 
than in those with hypertrophic cardiomyopathy 
(1:2). In patients with arrhythmia, valvar heart dis- 
ease, ischaemic cardiomyopathy, and heart disease 
secondary to long lasting hypertension, however, the 
histopathological contractility failure index was in 
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the range of that found in dilated cardiomyopathy. 
Moreover, when an index score of three was taken to 
indicate the diagnosis of dilated cardiomyopathy the 
sensitivity was 62-594 and the specificity was 68%. 

We found that the histopathological contractility 
failure index was not a reliable tool in diagnosing 
dilated cardiomyopathy. The results suggest that the 
index reflects cardiac muscle damage that is not nec- 
essarily specific to idiopathic dilated cardio- 
myopathy. This conclusion accords with the non- 
specific histological criteria of the index and the 
current hypothesis that dilated cardiomyopathy is 
not an entity in the strict sense but rather a multi- 
factorial disease with a final common pathway 
leading to heart failure. 


We thank Dr G K David and Dr D R Diiren (Aca- 
demic Medical Centre, Amsterdam), Dr J JR M 
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for supplying us with the biopsy specimens and for 
informing us of final clinical diagnoses. 
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Case reports 


Successful use of a right ventricular assist device 


PHILIP BELCHER, BRIAN GLENVILLE, LEN COOPER 


From the Brompton Hospital, London 


SUMMARY Right ventricular failure caused by myocardial infarction may be refractory to treat- 
ment designed to support the systemic ventricle. A new type of right ventricular assist device 
driven by an impeller pump was successfully used for 79 hours after emergency revascularisation 
after right coronary occlusion. Despite renal failure requiring haemofiltration the patient has now 


fully recovered. 


Right ventricular failure due to infarction on the 
diaphragmatic surface is characterised by hypo- 
tension, neck vein engorgement, and heart block.! 
'The addition of clinically significant infarction of 
the left ventricular free wall and septum may con- 
traindicate any effort to increase the right ventricu- 
lar preload and may also diminish the effectiveness 
of pulmonary vasodilators which are the:mainstay of 
treatment when right ventricular failure is caused by 
pulmonary hypertension. Left ventricular function 
is also embarrassed by inadequate preload caused by 
insufficient blood crossing the- pulmonary vascu- 


lature; if this cannot be improved by standard 


inotropic and vasodilator methods right ventricular 
assistance is required to maintain systemic per- 
fusion. Right ventricular bypass should also relieve 
overdistension of the ventricle thus allowing re- 
covery by promoting coronary blood flow to viable 
muscle. 

We describe the successful use of a simple, cheap, 
and adaptable right ventricular assist device; it was 
used to support the failing right ventricle when 
inotropes, vasodilators, and an intra-aortic balloon 
pump had failed to maintain adequate circulation 
and prevent progressive acidosis. There are reports 
of three survivors in whom the combination of an 
intra-aortic balloon and a right ventricular assist 
device was used; but none of them had renal fail- 
. ure.?: * In the present case renal failure was treated 
by the addition of a haemofiltration circuit. 


Case report 


A 63 year old previously well woman with a history 
of severe unstable angina was transferred for cardi- 
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ological assessment to London. Cardiac cath- 
eterisation showed moderate left ventricular func- 
tion, occlusion of the anterior descending coronary 
artery, and 95% stenosis of a large marginal coro- 
nary artery. The right coronary had an ostial steno- 
sis and six hours after catheterisation she suffered a 
large inferior infarct. Despite administration of 
vasodilators she continued to have rest pain. She was 
transferred to the Brompton Hospital three days 
later. On admission blood pressure was 90mm Hg 
and jugular venous pressure was raised 8 cm. Chest 
x ray showed diversion of venous blood to the upper 
lobe; the electrocardiogram showed sinus rhythm 
and a large inferior infarct. Pain continued and 
emergency revascularisation was therefore carried 
out. After sternotomy the blood pressure was 
80-90 mmHg and central venous pressure was 
20 mm Hg; rhythm was junctional. The right atrium 
was tense and immobile. Both ventricles were 
infarcted on their diaphragmatic surfaces. The 
remainder of the left veritricular free wall moved 
well but the right ventricle, apart from the outflow 
tract, was dilated and immobile but not obviously 
infarcted. The posterior descending, marginal, and 
anterior descending (internal mammary artery graft) 
arteries were grafted. Shé tolerated the procedure 
well and cardiopulmonary bypass was discontinued 
without difficulty. She was in slow junctional 
rhythm with blood pressure 90mm Hg and central 
venous pressure 18-20minHg on isoprenaline 
0-03 ug/kg/min with glyceryl trinitrate infusion. 
During the first six hours she was stable, but then 
blood pressure fell and urine output declined (fig 1). 
She required pacing and an increased dose of 
inotropes (dopamine, adrenaline, and isoprenaline) 
(fig 2). Over the next 12 hours central venous pres- 
sure rose from 22 to 30mmHg and acidosis 
increased despite repeated correction with bicar- 
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Successful use of a right ventricular assist device 
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Figl Urine output, blood pressure, and pressures measured 
at cardiac catheterisation in a patient with right ventricular 
failure who was treated with a right ventricular assist device. 
IABP, after insertion of tntra-aortic balloon pump; RV AD, 
after tnsertion of right ventricular assist device; CVP, 
central venous pressure (mm Hg); LAP, left atrial pressure 
(mm Hg); PAP, pulmonary artery pressure (mm Hg). 
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Fig2 Blood pressure and doses of adrenaline and 
tsoprenaline used to treat a patient with right ventricular 
failure, See legend to fig 1 for abbreviations. 
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bonate and insertion of an intra-aortic balloon 
pump. She was therefore returned to the operating 
theatre. External findings were similar to before. 
The pulmonary artery and superior vena cava were 
cannulated and connected percutaneously through 
the right hypochondrium to the right ventricular 
assist device and the chest was closed. The right 
ventricle could thus be bypassed variably. The assist 
device was made up of a Centrimed impeller pump 
without reservoir in a closed circuit. Flow was 
adjusted to optimise left ventricular performance: at 
2llmin left ventricular function improved dra- 
matically with a systolic pressure of 100mm Hg and 
left atrial pressure of 16 mm Hg; however, when the 
flow rate was further increased the left atrial pres- 
sure rose considerably and systemic blood pressure 
fell rapidly. Flows were therefore kept at 1-21/min 
for the next: 79 hours while (fig1) the pulmonary 
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artery pressure steadily declined to normal 
(30/15mm Hg) which was maintained when the 
assist device was stopped for periods of up to 60 
seconds. Improvement was noticeable within 24 
hours of insertion of the device and inotropic 
requirements declined considerably (fig2). Partial 
heparinisation was maintained. The assist device 
was removed without difficulty 79 hours after oper- 
ation. The right ventricle, apart from its 
diaphragmatic surface, was then seen to be beating 
well. The balloon pump was removed two days later. 

After insertion of the assist device, renal failure 
(creatinine clearance 2-4ml/min) was treated by 
haemofiltration with a Diafilter-20 (Amicon, Dan- 
vers, MA 01923, USA) connected in parallel with 
the assist device circuit. Urine output (figl) 
improved to over 30 ml/h with creatinine clearance 
still 2:4ml/min. Urine osmolality rose from 
308 mOsm/I to 387 mOsmj/ and creatinine clearance 
to 16 ml/min by the twelfth day. Creatinine clear- 
ance was 48 ml/min by the 25th day and 95 ml/min 
on the 32nd postoperative day; creatinine clearance 
had peaked at 590 umol/l. 

She was extubated on the 35th day after cardiac 
output had been measured by thermodilution. Heart 
rate was 120 beats/min, central venous pressure was 
15mm Hg, right ventricular pressure 39/8 mm Hg, 
and pulmonary artery pressure 34/20 (mean 
25)mm Hg. Cardiac output (mean of three mea- 
surements) was  4O]l/min, systemic vascular 
resistance 11-4 units, pulmonary vascular resistance 
1:84 units, and stroke volume 40 ml. These data 
indicate a highly satisfactory recovery. Echo- 
cardiography was unhelpful. 

Outpatient review at five months resulted in 
referral for femoral artery reconstruction which was 
successfully performed at 10 months. Echo- 
cardiography at five months showed a normal sized 
right ventricular cavity and slight left ventricular 
enlargement with normal function. 


Discussion 


Right ventricular failure is often a secondary effect 
of left ventricular failure or other causes of pul- 
monary hypertension. In the case described, 
although the left ventricular infarct adversely 
affected pulmonary vascular resistance, infarction of 
the right ventricular diaphragmatic surface was the 
prime cause of right ventricular failure. Treatment 
was designed initially to off load the right ventncle 
pharmacologically and to optimise left ventricular 
performance. The lack of effect of balloon counter- 
pulsation on right ventricular function confirmed 
the visual impression at operation that right ventric- 
ular pump failure was the main problem. 
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What are the options when a patient has seem- 
ingly intractable right ventricular failure? Increasing 
the preload on the right ventricle even further and 
off loading the systemic circulation can be success- 
ful; four of six patients with near normal left ven- 
tricular function survived this treatment. In the 
present case, the right atrium was already over- 
loaded and left ventricular function was obviously 
depressed; further volume loading was ineffective. 
Fear of terminal right ventricular overdistension 
prompted us to use an assist device. 

In sheep and goat preparations pulmonary artery 
balloon counterpulsation is reported to provide 
some assistance to forward flow in pulmonary 
hypertension.? However, when the balloon is placed 
in a side arm attached to the pulmonary artery it will 
directly promote forward flow and this method has 
been used clinically and experimentally with mod- 
erate benefit. 7 This is slight compared with passive 
flow and markedly inferior to that achieved with a 
right ventricular pump assist device.? 

Long term complete bypass requires full hepa- 
rinisation and a membrane oxygenator, and a per- 
fusionist must be in continuous attendance. Prob- 
lems are mainly caused by progressive depletion of 
clotting factors and destruction of red cells and 
platelets. Isovolumic left ventricular contraction 
enhances right ventricular pump function and if the 
left ventricle is completely decompressed, right ven- 
tricular function declines.? Roller pumps may pro- 
duce tubing splitting and spallation of particles 
within the circulation. Some of these problems 
occurred with extracorporeal membrane oxygen- 
ation but were overcome by centrifugal or impeller 
pumps with no or minimal heparinisation. Such 
measures should reduce the risk of bleeding, which 
can cause considerable mortality. 1° 

In our case the right ventricle was unable to pump 
sufficient blood for the damaged left ventricle to per- 
form properly. This necessitated the use of a right 
ventricular assist device with the patient's lungs for 
oxygenation. Flow rates were adjusted to **balance" 
the respective ventricular failures. The technique 
used a closed circuit and avoided the need for an 
oxygenator and reservoir, thereby reducing the 
supervision required and the possibility of acci- 
dents. We used a type of impeller pump that had not 
previously been used in a right ventricular assist 
device. Because of this low levels of heparinisation 
were adequate. No clots were seen when the device 
was removed. 'T'he system was easily adapted to the 
addition of a haemofiltration circuit. Disposable 
equipment cost approximately £380. 

There is a moderately large experience in the 
United States with sac type ventricular assist 
devices, but they are expensive and scarce in the 
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United Kingdom. Both experimental work in ani- 
mals and limited clinical data suggest that pneumatic 
assist devices are hard to adjust to provide the low 
flows required. Higher flows resulted in left ventric- 
ular failure in this patient whose infarct involved the 
diaphragmatic wall of the left ventricle. 

It is generally agreed that the device should be 
inserted if adequate catecholamine support and bal- 
loon counterpulsation are ineffective after a trial 
period of 60-120 minutes.!! !? However, when left 
atrial pressure is low, aortic balloon counter- 
pulsation is unlikely to improve right ventricular 
performance and this step seems unnecessary unless 
left ventricular failure is unmasked by the right ven- 
tricular assist device. The timing of removal is 
somewhat variable. As a general guideline, hae- 
modynamic function will either show a recovery 
within four days or multisystem failure will have 
supervened; the prognosis is particularly poor when 
there is apical necrosis.!? 

Management of renal failure in this case was 
greatly helped by insertion of a haemofilter into the 
assist device circuit. This allowed removal of water 
and electrolytes and partial recovery of renal func- 
tion to a level at which dialysis was no longer 
required. 

This technique may have implications for the long 
term survival of patients in whom right ventricular 
failure follows pulmonary embolectomy or closure 
of postinfarction ventricular defect. 


We thank Mr J C R Lincoln FRCS for his encour- 
agement and Mr T McCarthy for help with the 
illustrations. 
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Chronic proximal aortic dissection presenting as 


tamponade after 16 years 


A G FRASER, S PASSANI,* M W J HAYWARD} 
From the Departments of Cardiology, Cardiac Surgery,* and Radiology,t University Hospital of Wales, 


Cardiff 


SUMMARY A patient presented with tamponade and haemopericardium 16 years after experi- 
encing sudden severe chest pain associated with enlargement of the proximal aorta. Investigations 
revealed a proximal aortic dissection (DeBakey type II) with extensive laminar and partially 
calcified thrombus within its false lumen and a large pericardial effusion, which together resulted 
in a cardiothoracic ratio of 100%. Long term survival after medical treatment of proximal aortic 
dissection, with such late progression to tamponade, has not been reported before. 


The terminal event in more than two thirds of 
patients who die soon after proximal dissection of 
the aorta is intrapericardial rupture progressing rap- 
idly to massive haemopericardium and tamponade.’ 
Even when it does not cause a haemopericardium, 
acute proximal aortic dissection carries a poor prog- 
nosis.? In a review of 425 patients none of those 
treated medically survived for more than nine 
years.' When patients do survive with chronic aortic 
dissection, symptoms are most frequently those of 
congestive heart failure rather than tamponade. 

We report a patient in whom tamponade devel- 
oped 16 years after the initial aortic dissection. 


Case report 


A 56 year old woman was admitted on 1 October 
1985 complaining of breathlessness which had 
increased progressively over three weeks. She could 
walk for only 10 yards; she was breathless at rest and 
dizzy when standing. She also reported epigastric 
discomfort and anorexia. 

She had been treated for hypertension since the 
age of 27, after having nephritis when she was seven 
and pyelitis when she was 21. Blood pressure control 
was poor; in January 1968 it was recorded at 190/130 
mm Hg. 

In May 1969 when she was 40 she experienced 
abrupt “excruciating” central chest pain while 
standing and pulling heavy curtains. This did not 
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radiate and was not pleuritic. It settled after an hour, 
but later recurred for one more hour. In hospital an 
initial diagnosis of acute myocardial infarction was 
not confirmed by any electrocardiographic abnor- 
mality nor an increase in cardiac enzymes. One 
month later persistent chest discomfort and breath- 
lessness developed. Blood pressure was 140/90 
mm Hg. Serum haemoglobin was 7:5 g/dl and the 
erythrocyte sedimentation rate was 100mm in the 
first hour. The chest radiograph showed consid- 
erable distension of the ascending aorta and arch (fig 
la). A cardiologist suggested that she had a dis- 
section of the aorta but further investigations were 
not performed. 

In 1975 at the age of 46 she reported a two week 
history of feeling faint and breathless, with sharp 
chest pains. The chest radiograph (fig 1b) showed an 
increase in the size of the cardiac silhouette with an 
abnormal right heart border. Her symptoms were 
attributed to postural hypotension, and her treat- 
ment was changed from methyldopa to oxprenolol. 
In 1978 she was referred for cardiological 
investigations because of tiredness, faintness, and 
palpitation; the cardiothoracic ratio was further 
increased. Aortography in March 1979 demon- 
strated a proximal dissection of the aorta (DeBakey 
type IT) with the origin of the false lumen arising a 
few centimetres above the junction between the 
right and non-coronary sinuses of Valsalva (fig 2), 
The cavity of the false lumen was smooth and its 
neck was well circumscribed; because it was much 
smaller than the opacity on the chest radiograph the 
false lumen was thought to contain an extensive- 
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Fig 1 
b) 1975; (c) 1979, unchanged during follow up to 1982; 


amount of thrombus. There was no aortic regur- 
gitation. She was referred for elective operation and 
subsequently admitted, but the operation was post- 
poned because she was symptom free and there had 
been no change in the radiographic appearances 
during a 6 month period that she was on the waiting 
list. She was reviewed as an outpatient until 1982 


Serial posteroanterior chest radiographs in a patient with chronic dissection of the proximal aorta. (a 
d) 1985. 


1969 


(see chest radiograph fig Ic) but was then lost 
follow up. 

On this most recent admission she 
breathless at rest, and centrally cyanosed. She had a 
sinus tachycardia with poor volume arterial pulses 
and paradox of 25 mm Hg. The jugular venous pres 
sure was grossly elevated. There was dullness on 
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Fig 2 


Right anterior oblique 
(b) projections of the aortogram in 1979, demonstrating the 
false lumen of a localised proximal aortic dissection ( black 


aj and left anterior oblique 


arrows) with an overlying soft tissue opacity (white arrows) 


percussion of the precordium and over the right 
chest anteriorly, with no palpable precordial 
impulses. The first and second heart sounds were 
normal and there were no added sounds or mur- 
murs. The electrocardiogram showed low voltage 
complexes (sum of QRS voltages in limb leads = 
85mm), and the chest radiograph showed gross 
enlargement of the cardiac silhouette (fig 1d). Echo- 
cardiography confirmed the presence of a massive 
pericardial effusion. Two litres of heavily blood- 


stained fluid with a haemoglobin concentration of 


37 g/dl were aspirated. Systemic venous hae- 
moglobin concentration was 10:4 g/dl. 

Computed tomography with contrast enhance- 
ment confirmed the previously documented dis- 
section of the ascending aorta (fig 3). There was a 
small false lumen and extensive thrombus contain- 
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Fig 3 


Computed tomogram at mid-thoracic level after 
pericardiocentesis, demonstrating contrast enhancement of the 
ascending thoracic aorta (A) and localised areas of the false 


lumen of the dissection (F) with overlying thrombus ( T ) 
containing peripheral specks of calcification. 


ing many areas of calcification that enveloped the 
aorta and extended into the right hemithorax. The 
transverse and descending thoracic aorta was nor- 
mal. 

Cardiac surgery was performed after instituting 
femorofemoral bypass. The aortic root was very 
large; its lateral border expanded outwards and 
downwards as a saccular dilatation. Incision 
revealed much organised thrombus within the false 
lumen of a localised dissection, and after this had 
been evacuated a 2 cm diameter defect was found in 
the intima 4 cm above the aortic valve. Histological 
examinatior of excised aortic wall demonstrated 
myxoid degeneration of the media. No single vessel 
or source was found as a cause of the haemo- 
pericardium and tamponade. The intimal defect was 
repaired with a Teflon felt patch reinforced by a 
patch of woven Dacron. 

She made an uncomplicated recovery from oper- 
auon. 


Discussion 


This patient is unusual because she survived for 16 
years after a proximal aortic dissection which was 
treated medically and because she then presented 
with tamponade. 

The circumstantial evidence indicates that she 
suffered a dissection in 1969, on a background of 
hypertensien and during physical exertion, which is 
an associated factor in some acute dissections.* 
Thereafter there was a gradual increase in the 
cardiothoracic ratio, presumably as thrombus con- 
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tinued to be laid down within the false lumen. The 
episode in 1975 suggests an acute exacerbation of 
this process, and subsequent treatment with a 
B adrenoceptor antagonist may have slowed the rate 
of progression.* The most likely cause of the tam- 
ponade is that blood gradually leaked into the peri- 
cardial cavity from the dissecting haematoma. 

About a quarter of patients with aortic dissection 
present with symptoms that have lasted for more 
than one month,? $ and survival with chronic dis- 
section of the descending or abdominal aorta is well 
documented, There have, however, been very few 
reports of dissection of the ascending aorta with sur- 
vival beyond a few months. Africa et al reported a 
patient who had a dissection for four years. Taber 
and Lam described a patient with chronic dissection 
of the descending thoracic aorta (DeBakey type III) 
who presented with pericardial symptoms after five 
years.’ Tamponade has been reported from the late 
retrograde extension of a type III dissecting 
aneurysm? and from retrograde dissection of an 
abdominal aortic aneurysm,? but we have been 
unable to find any reports of such late development 
of tamponade after a chronic type II aortic dis- 
section. In some cases it may be difficult to dis- 
tinguish between dissection secondary to an athero- 
sclerotic aneurysm and saccular dilatation at the site 
of a chronic dissection, but in the present case there 
can be little doubt that the primary event was a 
localised dissection. 

Although thrombus may prevent rupture by act- 
ing as a buttress around the aorta,!Ó even when 
proximal dissection is not diagnosed until some 
weeks after the acute event, operation is indicated 
because it is usually associated with a good prognosis 
in these circumstances,*!! whereas without oper- 
ation haemopericardium causes death in 25% of, 
patients.! With earlier diagnosis, operation is even 
more important because tamponade is the fatal event 
in 80% of patients who have a proximal aortic dis- 
section treated medically.!? 

Dissection of the aorta is the second most com- 
mon cause of haemopericardium,!? and chronic dis- 
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section should be considered as a cause even when 
there is no recent history to suggest dissection. 
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Left atrial metastasis presenting as recurrent embolic 


strokes 


N CHALMERS, I W CAMPBELL 


From the Victoria Hospital, Kirkcaldy, Fife, Scotland 


SUMMARY ‘Tumour emboli from an endocardial metastasis of an endometrial stromal sarcoma 
caused recurrent and ultimately fatal strokes in a woman of 40. Endocardial metastases are rare. 
They are known to embolise to the pulmonary and systemic arteries but not to cause recurrent 


cerebral emboli. 


Case report 


A 40 year old woman who gave a 3-4 year history 
suggestive of migraine was admitted with a right 
hemiparesis and aphasia of sudden onset. She 
smoked 15 cigarettes per day. She had had unilateral 
headache usually on the left occurring every few 
months, On several recent occasions these had been 
associated with complete loss of vision lasting 20 to 
30 minutes. Eighteen months previously a hysterec- 
tomy had been performed for menorrhagia. At oper- 
ation a hard inflammatory mass was found in the 
sigmoid colon. Histological examination of the 
uterus revealed stromal adenomyosis which was 
described as extremely cellular with occasional 
mitotic figures. A barium enema showed moderate 
diverticular disease of the sigmoid colon only. 
Fibreoptic sigmoidoscopy showed no abnormality 
and the chest radiograph showed a sharply defined 
circular lesion behind the heart in the left lower lobe 
of the lung. This was interpreted as a benign cyst. 

At admission there was no lymphadenopathy. 
Blood pressure was 120/80 mm Hg and pulse 80 per 
minute and regular. No cardiac murmurs or vascular 
bruits were heard. Examination of the chest and 
abdomen was normal. There was complete aphasia 
and a dense right hemiparesis. There was pro- 
nounced hyperreflexia on the right with knee and 
ankle clonus and an extensor right plantar response. 
After admission she rapidly recovered and 48 hours 
later had only a mild residual dysphasia. 
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Initial investigations showed a mild neutrophilia 
but otherwise normal full blood count and plasma 
viscosity. Urea, electrolytes, liver function tests, and 
plasma glucose were normal. Serum cholesterol and 
triglyceride concentrations were also normal. An 
electrocardiogram showed only right bundle branch 
block and no abnormality was seen on the chest 
radiograph, the previously noted left lower lobe 
lesion being completely obscured by the cardiac 
shadow on this occasion. Skull radiographs showed 
calcification in the falx. Computed axial tomography 
showed a low density area in the territory of the left 
middle cerebral artery, indicating an infarct. Treat- 
ment with aspirin was started because there 
appeared to have been a spontaneous arterial 
occlusion with no obvious precipitating cause. 

Four months later she was readmitted with a fur- 
ther episode of transient right hemiparesis and dys- 
phasia. Again there was a rapid recovery. On this 
occasion the retrocardiac shadow was noted on the 
chest radiograph and in addition there was a mass at 
the right hilum. Bronchoscopy was normal. Three 
weeks later, after a third transient right hemiparesis, 
she suddenly sustained a dense left hemiparesis 
associated with loss of consciousness and several 
grand mal convulsions. There was no improvement 
in level of consciousness and she died two days later. 

A large cystic infarct in the left cerebral hemi- 
sphere and a recent haemorrhagic infarct in the right 
frontoparietal region were found at necropsy. There 
was a 35cm diameter secondary tumour at the 
hilum of the right lung and a 2cm tumour in the left 
lower lobe. In addition there was a 5cm diameter 
tumour in the left atrium (fig 1). There was also a 
large tumour mass in the pelvis; it involved both 
ovaries and the rectosigmoid junction. Histological 
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A 5 cm diameter metastasis arose from the 
endocardium of the left atrium ( arrowed}. 


Figure 


examination showed that these were secondary 
deposits of an endometrial stromal sarcoma with the 
same features as the hysterectomy specimen 
obtained two years before. There was an organised 
infarct in the spleen but the liver and kidneys were 
normal. There were atheromatous plaques at the 
origins of both internal carotoid arteries. A final 
diagnosis of recurrent cerebral emboli from a left 
atrial metastasis of an endometrial stromal sarcoma 
was made. 


Discussion 


Whereas the myocardium and pericardium are not 
infrequently the site of metastatic tumours, the 
endocardium is rarely the site of secondary depos- 
its.! ? In 1950 Coller et al found only nine cases in 
published resports.* This is presumably because of 
the rapid blood flow within the heart coupled with 
the relatively small surface area of the endocardium 
compared with, say, the vascular bed of the lungs. It 
may be that endocardial metastases result from 
tumour cells lodging in subendocardial capillaries, 
rather than implanting directly on the endocardial 
surface. In most of the cases in Coller's series the 
valves were affected, and it has been suggested that 
valve damage may be a prerequisite for tumour 
implantation. Thomas et al have reported three cases 
of left atrial metastases, all associated with under- 
lying abnormalities of the mitral valve, of which two 
had intra-atrial thrombus. They proposed that 
circulating tumour cells initially lodge in the throm- 
bus.* In our case, however, the valves were normal 
and the atrium contained no thrombus. It is also 
recognised that an intracardiac secondary tumour 


can exist within the right atrial cavity as a tumour 
"culture" without vascular attachment to the endo- 
cardium.* In the present case the tumour adhered 
firmly to the endocardium. 

Systemic arterial tumour embolism producing 
effects by vascular occlusion is also rare. It 
described in left atrial myxoma’ ° and as a compli- 
cation of primary sarcoma of the heart" and of left 
atrial metastases. There are also several reports of 
systemic embolisation of pulmonary secondaries and 
primary bronchogenic carcinomas. Embolisation of 
the latter is liable to occur perioperatively,'? !! but 
can be the presenting feature of a bronchogenic neo- 
plasm.'? Fatal pulmonary embolism of a right atrial 
metastasis of osteogenic sarcoma has been 
reported. !? In addition there have been reports of 
cases of pulmonary metastases directly spreading to 
the left atrium along a pulmonary vein that were 
associated with systemic embolisation'* '^ and also 
a case of recurrent bilateral femoral artery embolism 
of a metastasis of an osteogenic sarcoma invading the 
aorta at its bifurcation.'" Lastly, there is a report of 
a patient with left ventricular and left atrial endo- 
cardial metastases who died of myocardial rupture 
after tumour embolus to a coronary artery." 

The present case had pulmonary as well as intra- 
cardiac metastases, so it is conceivable that the pul- 
monary lesions were the source of the cerebral 
emboli. There was no evidence of spread along pul- 
monary veins, however, and we consider it much 
more likely that the emboli arose from the intra- 
cardiac lesion. No tumour emboli were found in the 
cerebral circulation so we do not know whether the 
cerebral emboli were fragments of tumour or of an 
adherent clot. There was no evidence of adherent 
clot at necropsy and it seems more likely that the 
small tumour fragments in the cerebral circulation 
had either dispersed or were simply not visible on 
the sections examined histologically. 

Echocardiography was not performed in this case 
because a' cardiac source of emboli was never sus- 
pected from the history and clinical findings. An 
echocardiographic examination would probably 
have enabled the diagnosis to be made antemortem; 
however, this is unlikely to have been of much 
benefit to the patient. It does, however, emphasise 
the point that echocardiography is valuable in cases 
of suspected systemic or cerebral emboli, even in the 
absence of overt cardiac disease. ? ?? 

We believe that recurrent cerebral emboli from an 
intracardiac metastasis has not been reported before 
Intracardiac metastases are rare, but occult cardiac 
disease can cause transient cerebral ischaemic 
attacks and echocardiography should be included in 
the investigation of patients in whom there is no 
obvious source of emboli. 


was 
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Anomalous origin of the left coronary artery from the 
pulmonary trunk: repair after diagnostic cross 


sectional echocardiography 


SAADEH B JUREIDINI,* SORAYA NOURI,* D GLENN PENNINGTONt 


From the * Section of Cardiology, Department of Pediatrics and Adolescent Medicine, and the 1 Division of 
Cardiothoracic Surgery, St Louis University Medical Center, St Louis, Missouri, USA 


SUMMARY An infant with anomalous origin of the left coronary artery from the pulmonary trunk 
presented with congestive cardiomyopathy. Only:cross sectional echocardiography gave a 
definitive diagnosis. The results of cardiac catheterisation and angiography were inconclusive. 
Surgical repair was performed successfully after the results of cross sectional echocardiography 


were known. 


There are established guidelines for the diagnosis of 
anomalous origin of the left coronary artery from the 
pulmonary trunk by cross sectional echocardio- 
graphy! ? and Doppler echocardiography.* But as 
yet there are no reports of operations on patients in 
whom the diagnosis of anomalous origin of left coro- 
nary artery from the pulmonary trunk was based 
solely on echocardiography. This is probably 
because those workers who described the echo- 
cardiographic findings also stressed the need for 
cineaortography as the “definitive investigation in 
these patients”.! 73 We describe our experience with 


an infant with anomalous origin of the left coronary .. 


artery from the pulmonary trunk who had a repair 
operation after a cross sectional echocardiographic 
study clearly showed the defect. The results of car- 
diac catheterisation were inconclusive. This case has 
led us to question the need for cardiac cath- 
eterisation in some cases of anomalous origin of the 
left coronary artery from the pulmonary trunk in 
which a definitive diagnosis can be made by cross 
sectional echocardiography. 


Case report 


A two month old infant was referred to our institu- 
tion for management of congestive cardiomyopathy 
of recent onset. The history indicated episodes of 
"turning pale" during feeding. Physical exam- 
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ination showed tachypnoea, tachycardia, weak 
peripheral pulses, hypotension, an enlarged liver, an 
enlarged heart, S3 gallop, and no murmurs. Chest 
xray showed an enlarged heart with pulmonary 
oedema. The pattern of the electrocardiogram indi- 
cated an anterolateral infarction. The patient 
improved on digoxin and diuretics. Cross sectional 
echocardiography clearly showed an anomalous left 
coronary artery arising from the pulmonary trunk; 
there was generalised hypokinesia and dilatation of 
the left ventricle, with paradoxical septal motion and 
a resultant decrease in the shortening fraction to 


-15%. The ostium, course, and branches of the left 


coronary artery were demonstrated to originate from 
the pulmonary trunk posteriorly and slightly above 
the cusps of the pulmonary valve (fig a). The nght 
coronary artery was normal. These latter views were 
obtained from modified high parasternal short axis 
cuts.? Doppler echocardiography showed a normal 
flow pattern in the pulmonary artery; there was no 
evidence of late systolic retrograde flow,* and mod- 
erate mitral regurgitation was detected. A thallium 
scan showed reduced perfusion in the anterolateral 
part of the myocardium, which was consistent with 
the echocardiographic diagnosis.? 

After these non-invasive tests the patient was 
examined by cardiac catheterisation and angio- 
graphy: there was no oxygen saturation step up in 
the right heart; oxygen saturation was 56% in both 
the right ventricle and pulmo artery. Pressure 
in the pulmonary artery (36/10, 20 mm Hg) was half 
of systemic pressure while the aortic pressure was 
70/45, 60 mm Hg, with normal oxygen saturation of 
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a) A modified high parasternal short axis view 
showing the anomalous origin of the left coronary artery from 
the pulmonary trunk. (b) Similar view to that shown in (a) 
from a patient with D transposition of the great arteries 
showing the origin of the left coronary from the anteriorly 
located aorta, Notice the similarity of the appearance of the 
coronary artery originating from the anterior great vessel to 


Figure 


the appearance in (a). ad, anterior descending; AO, aorta; 
c, circumflex; os, ostium of the left coronary artery; PA, 
pulmonary artery or trunk. 


96°,,. Aortography failed to demonstrate the origin 
of the left coronary artery; however, the right coro- 
nary artery was well seen and was dominant giving 
rise to the posterior descending coronary artery. No 
coronary collaterals were demonstrated. Pulmonary 
artery injection also did not visualise the left coro- 
nary artery. 

At operation a median sternotomy was made and 
the diagnosis of anomalous origin of the left coro- 
nary artery from the pulmonary artery was 
confirmed. A few small collaterals were seen in the 
vicinity of the anomalous coronary artery; the direc- 
tion of blood flow in the anomalous coronary artery 
was difficult to assess. During cardiopulmonary 
bypass, without aortic occlusion, an end to end anas- 
tomosis was created between the left subclavian 
artery and the left coronary artery. The patient had 
an uneventful postoperative course and is alive and 
well 20 months after operation. He continues to take 
digoxin. His left ventricular shortening fraction 
remained marginally reduced, until his last visit 20 
months ago, when it became normal at 40°,. The 
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septal motion has remained dyskinetic with normal 
posterior wall motion. The left ventricular posterior 
wall and septal thickness were increased. No 
residual mitral regurgitation was detected by 
Doppler echocardiography. 


Discussion 


In infants the clinical presentation of anomalous ori- 
gin of the left coronary artery from the pulmonary 
trunk can resemble that of acute viral myocarditis.* 
In both conditions the electrocardiogram may show 
an infarction pattern.? * Similarly, the thallium per- 
fusion scan can demonstrate perfusion defects in 
patients with acute viral myocarditis.* Cross sec- 
tional echocardiography, however, has been very 
helpful in differentiating between the two diseases,” 
specifically :f the diagnosis of the former is made by 
direct visualisation of the anomalous origin of the 
left coronary artery from the pulmonary trunk, 
rather than by demonstrating the absence of this 
artery from the aorta. ' 

A dilated right coronary artery is another cross 
sectional echocardiographic sign of this anomaly. 
This dilatation is thought to be secondary to the 
presence of collaterals supplying the left coronary 
artery from the right? In this patient, the 
presentation was early and probably occurred before 
the development of collaterals that were large 
enough to produce a left to right shunt in the pul- 
monary artery that was detectable either by Doppler 
echocardiography or cardiac catheterisation. This 
would also explain the failure of retrograde filling of 
the left corcnary artery and the absence of dilatation 
of the right coronary artery.’ 

In this case cardiac catheterisation and angio- 
graphy did not add any information to the diagnosis 
already made by cross sectional echocardiography 
and these invasive investigations exposed the infant 
to additional risks. Some might argue that additional 
information could be obtained by cardiac cath- 
eterisation, for example definition of associated 
lesions such as anomalous origin of the right coro- 
nary artery from the pulmonary trunk.’ The pres- 
ence of suck an abnormality, however, will not affect 
surgical management because isolated anomalous 
origin of the right coronary artery from the pul- 
monary trunk is benign and usually does not require 
surgical correction.” We propose that after surgical 
repair and return of ventricular function to normal® 
the risks of cardiac catheterisation will be reduced 
and other abnormalities will be more easily detected. 

Cross sectional echocardiographic examination 
can give false positive results when it is used to diag- 
nose this anomaly.! Nevertheless, we know from 
our experience of using cross sectional echo- 
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. cardiography to diagnose transposition of the great 
arteries that when the origin and course of the left 
coronary artery from the anterior vessel (the aorta) is 
demonstrated a false positive diagnosis is unlikely. 
In 10 (91%) of the last eleven consecutive patients 
with transposition of the great arteries (six males and 
four‘ females, age 1-90-days), in whom cross sec- 
tional echocardiography was used to study the anat- 
omy of the left coronary artery, we were able to dem- 
onstrate the origin, course, and proximal branches of 
the left coronary artery. and clearly demonstrate that 
this originated from the aorta (91%) (fig b). These 
patients had confirmatory angiographic studies. In 
anomalous origin of the left coronary artery from the 
pulmonary trunk in our present patient (fig a and b), 
and in transposition of the great arteries the left 
coronary artery originating from the anterior vessels 
produced similar cross sectional echocardiographic 
appearances. 

This case report indicates that cross-sectional 
echocardiography is a sensitive means of diagnosing 
an anomalous origin of the left coronary artery from 
the pulmonary trunk. If this proves to be a consis- 
tent finding, the additional risks of cardiac catheter- 
isation and angiography could be avoided in patients 
with this condition. 


We thank Dr S C Chen and Dr I C Balfour for 
helping us to prepare this paper. 
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Acquired supravalvar membranous stenosis of the 


left atrioventricular valve 


RP MARTIN, SA QURESHI,* R RADLEY-SMITH 
From the Department of Paediatric Cardiology, Harefield Hospital, Harefield, Middlesex 


SUMMARY Acquired supravalvar membranous stenosis of the left atrioventricular valve devel- 
oped in a nine year old boy with atrioventricular discordance. The supravalvar membrane had not 
been present when a partial annuloplasty was performed on the left atrioventricular valve eight 
years before. The stenosis was relieved by operative excision of the membrane. 


Membranous supravalvar mitral stenosis is a well 
recognised condition of unknown aetiology. Shone 
et al described its association with additional 
obstructive lesions of the left side of the heart such 
as parachute mitral valve, subaortic stenosis, and 
coarctation of the aorta.! It may occur, however, as 
an isolated lesion? > and also in association with the 
left atrioventricular valve in atrioventricular discor- 
dance with ventriculoarterial discordance* (‘‘con- 
genitally corrected transposition of the great arte- 
ries"). 

We describe a child with atrioventricular discor- 
dance who presented with acquired supravalvar 
membranous stenosis of the left atrioventricular 
valve eight years after a partial annuloplasty of the 
valve ring. Acquired supravalvar stenosis of a pros- 
thetic valve has been described only once before? 
and this present case is the first in which stenosis of 
the native valve was caused by a thin membrane that 
was macroscopically similar to the typical membrane 
of supravalvar mitral stenosis. 


Case report 


A nine year old boy presented with a four week his- 
tory of intermittent pyrexia and malaise. On exam- 
ination he had clinical evidence of stenosis of the left 
atrioventricular valve and of pulmonary hyper- 
tension. There was a prominent parasternal impulse 


*Present address: Department of Paediatric Cardiology, Royal 
Liverpool Children's Hospital, Myrtle Street, Liverpool. 
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with a long, grade 3/6 apical diastolic murmur and a 
grade 2/6 apical pansystolic murmur consistent with 
stenosis of the left atrioventricular valve and rhild 
regurgitation. The pulmonary component of the 
second sound was accentuated. The respiratory rate 
was 22 breaths per minute with mild intercostal - 
recession and fine basal inspiratory crepitations. 

He was known to have atrioventricular discor- 
dance with ventriculoarterial discordance, having 
presented at three months of age with coarctation of 
the aorta. Coarctation was repaired by subclavian 
flap aortoplasty. When he was nine months old a 
partial annuloplasty was performed on the septal 
aspect of the left atrioventricular valve because of 
heart failure caused by atrioventricular valve incom- 
petence. At operation Ebstein’s malformation of the 
left atrioventricular valve was discovered with par- 
tial fusion of the septal leaflet and its chordae to the 
interventricular septum. During follow up there 
were signs of mild residual valve incompetence and 
a quiet mid-diastolic murmur thought to represent 
mild valve stenosis secondary to reduction in the 
diameter of the valve ring by the annuloplasty. 

After the latest admission he continued to have a 
swinging fever, and bacterial endocarditis was sus- 
pected. The electrocardiogram showed complete 
heart block with a narrow complex escape rhythm at 
a rate of 70 beats per minute and left atrial hyper- 
trophy. Chest x ray showed cardiomegaly with a car- 
diothoracic ratio of 0 62. There was pulmonary 
venous distension with diffuse parenchymal lung 
mottling and interstitial pulmonary oedema. 

A cross sectional echocardiogram demonstrated 
atrioventricular discordance and ventriculoarterial 
discordance. The left atrium was hugely dilated and 
there was a normal sized, well functioning systemic 
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ventricle. The left atrioventricular valve appeared 
thickened with a restricted opening. A supravalve 
membrane was not suspected; however, later exam- 
ination of diastolic frames showed a membrane that 
was separate from the valve (figure). A Doppler 
ultrasound estimate of flow velocity across the valve 
showed a peak *'e" velocity of 200 cm/s and an end 
diastolic velocity of 170 cm/s, giving an estimated 
transvalvar end diastolic gradient of 12 mm Hg. In 
addition there was mild left atrioventricular valve 
regurgitation. Catheterisation of the right heart 
showed a pulmonary artery pressure of 120/50 
mm Hg with a mean pressure of 80 mmHg. The 
mean pulmonary artery wedge pressure was 20 
mm Hg. The left heart was not catheterised because 
bacterial endocarditis was suspected. A pulmonary 
arteriogram and follow through showed a dilated left 
atrium with a stenosed immobile left atrio- 
ventricular valve. 

Extensive investigations did not find a cause for 
the pyrexial illness. His cardiac failure became 
worse, with increasing renal impairment, and so 
replacement of the left atrioventricular valve was 
recommended. At operation a thin membrane was 
found that originated from the atrial aspect of the 
left atrioventricular valve and was closely apposed to 
the valve cusps. The membrane was attached to the 
left atrium near the site of the previous partial 
annuloplasty and was circular with a small central 
orifice. The macroscopic appearance was identical to 
that of "typical" membranous supravalvar mitral 
stenosis. The membrane was excised and the valve 
ring was mobilised. Afterwards the valve appeared 
to be competent with a satisfactory valve orifice 
diameter. Left atrial pressure after repair was 12 
mm Hg with a systemic pressure of 85/65 mm Hg 





Figure 

diastolic frame) showing the supravalvar membrane ( M 
closely apposed to the left atrioventricular valve. LA, left 
atrium; RV right ventricle; LV, left ventricle. 


Modified apical cross sectional echocardiogram 


and a pulmonary artery pressure of 60/35 mm Hg 

Postoperative — echocardiographic 
showed a mobile left atrioventricular 
Ebstein's malformation as previously noted 
Doppler assessment showed successful relief of the 
stenosis with a peak *‘e” velocity of 180 cm/s and no 
evidence of an end diastolic gradient 
mild valve regurgitation. 

Four weeks after operation the swinging pyrexia 
recurred and chest xray examination showed ar 
increase in the diffuse pulmonary shadowing tha 
had been attributed to pulmonary venous hyper 
tension before operation. Open lung biopsy showe« 
severe pulmonary vascular hypertensive diseas« 
with features that indicated a superimposed arteritic 
process. Treatment with steroids was started and h« 
has remained well and apyrexial during six month 
of follow up. 
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Discussion 


Supravalvar membranous stenosis of the mitra 
valve is a potentially curable condition that ever 
with very careful echocardiographic assessment may 
be difficult to differentiate preoperatively 
mitral valve stenosis." If mitral valve stenosis is 
erroneously suspected, surgical correction of supra 
valvar stenosis in younger children may be delayed 
because valve replacement is usually deferred unti 
an adequate sized prosthetic valve can be inserted 
In our patient supravalvar stenosis was not consid 
ered because the membrane was not present when 
valve annuloplasty was performed eight 
before. 

The aetiology of the membrane is uncertain. It is 
possible that it resulted from an inflammatory reac 
tion to the suture material used for the previous 
annuloplasty; however, suture material was only 
present on the septal aspect of the valve and the 
membrane was circular with a central orifice. Alter 
natively, it is possible that the annuloplasty resulted 
in a fold of redundant tissue in the left atrium that 
progressively encroached upon the valve because of 
the mechanical forces exerted upon it by the slightly 
narrowed valve orifice. The isolated occurrence of 
supravalvar membranous stenosis of the mitral 
valve, however, indicates that this cannot be the 
explanation in all cases. It is unlikely that there is a 
direct link between the pyrexial illness and the 
development of the supravalvar membrane because 
there were signs of important stenosis of the left 
atrioventricular valve for several years before the 
development of the pyrexial illness that was attrib 
uted to a vasculitis. 

Acquired supravalvar mitral stenosis has been 
described once previously. The obstruction was 


fron 


years 
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caused by a dense fibrous tissue reaction at the 
insertion site of a prosthetic valve.) The obstructing 
tissue had a different macroscopic appearance from 
the membrane described in our case in which the 
membrane was thin and pliable. 

This case illustrates the difficulty of diagnosing 
this rare condition before operation and raises ques- 
tions about the aetiology of supravalvar membranes. 
If operation bas been performed on the atrio- 
ventricular valve the possibility of an acquired 
supravalvar membrane should be considered when 
signs of atrioventricular valve stenosis subsequently 
appear. . 


We are grateful to Professor M H Yacoub for his 
assistance and advice about this patient. 
References 


1 Shone JD, Sellers RD, Anderson RC, Adams P, 
Lilehei CW, Edwards JE. The developmental 


Notices 


British Cardiac Society 


The Autumn Meeting will be held at the Wembley 
Conference Centre, London, on 24 to 26 November 
1987, and the closing date for receipt of abstracts 
was 10 July 1987. 

The Annual General Meeting for 1988 will take 
place in Belfast on 23 and 24 March 1988, and the 
closing date for receipt of abstracts will be 4 January 
1988. 


Martin, Qureshi, Radley-Smith 


complex of “parachute mitral valve”, supravalvar 
ring of left atrium, subaoruc stenosis, and coarctation 
of aorta. Am J Cardiol 1963;11:714-25. 

2 Chung KJ, Manning JA, Lipchik EO, Gramiak R, 
Mahoney EB. Isolated supravalvar stenosing ring of 
left atrium: diagnosis before operation and successful 
surgical treatment. Chest 1974,64:25—8. 

3 Otero Coto L, Martin Judez V, Juffe A, er al. Supre- 
valvular stenotic mitral ring. À new case with surgical 
correcuon. J Thorac Cardiovasc Surg 19765,71:537—-9. 

4 Chesler E, Beck W, Barnard CN, Schnre V. Supra- 
valvar stenosing ring of the left atrium associated 
with corrected transposition of the great vessels. Am 
J Cardiol 1973;31:84—8. 

5 Rogers AK, Morgan JR, Forker AD, Fosburg RG. 
Supravalvular stenosis after disc mitral valve replace- 
ment. J Thorac Cardwvasc Surg 1971,62:810—2. 

6 Sullivan ID, Robinson PJ, de Leval MR, Graham TP. 
Membranous supravalvar mitral stenosis: a treatable 
form of congenital heart disease. J Am Coll Cardiol 
1986;8:159-64. 


Pierre Rijlant prize 


Applications are invited for the Pierre Rijlant prize 
for cardiac electrophysiology for 1985-7. Informa- 
tion from Professor A Verniory, Académie Royale 
de Médecine, Rue Ducale 1, B-1000 Brussels, 
Belgium. 


Brittsh Heart Journal August 1987 





A COMMITMENT TO EXCELLENCE 
Journal of the 


American College 
of Cardiology 


Editor-in-Chief: Simon Dack, M.D. 


For the most significant developments 
in cardiology, your colleagues 
agree that JACC is the journal to 
read first. Here are three reasons 
why: 

JACC's coverage is 
authoritative. As the official 
journal of the American Col- 
lege of Cardiology, JACC 
enjoys outstanding editorial 
leadership and maintains 
rigorous selection standards. 
Readers know they can 
count on JACC for scientific 
excellence. 

JACC is comprehensive. 
Advances in adult and pedi- 








atric cardiology. diagnostic procedures, 
drug therapy, cardiovascular sur- 
gery, and basic research, plus 
outstanding reviews and sym- 
posia...readers find it all in 
JACC. 

JACC is clinically ori- 
ented. Every article in JACC 
emphasizes the clinical im- 
plications of significant new 
information on cardiovascu- 
lar disease. Furthermore, 
JACC's lucid style and ele- 
gant format have made it a 
favorite with both the aca- 
demic cardiologist and the 
practicing clinician. 


DISCOVER JACC: 


THE JOURNAL OF CHOICE. 


"| Please bill me. (Orders from non-US. customers must 
be prepaid.) 


ORDER FORM 


1987 Subscription Information 


JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY 
Volumes 9 and 10 (12 issues plus two supplements) 1987 
ISSN: 0735-1097, 1987 


Please enter my subscription at the following rate: 
£i Personal rate: $69.00 
£2 Institutional rate: $100.00 


For air delivery in the U.S. Canada. or Mexico. add $75.00. Subscribers 
outside the LS. shouid add $35.00 for surface delivery: $65.00 for surface 
air iit delivery to Europe: $95.00 for surface air lift to Japan: or $225.00 for 
air delivery to the rest of the worid 


JACC is abstracted indexed by: Index Medicus. Current Contents. Life 
Sciences, Current Contents-Clinical Practice, Excerpta Medica, 
Biological Abstracts, Chemical Abstracts, and Science Citation Index. 


4 87 V2AL 





Address... 2 





CY nuo a LL LL eI 


Sala uc LIE Zip/Postal Code... 


For sample copies, send to: 






in North America: Elsevier Science Publishing Co. In 
PO. Box 1663, Grand Central Station, New York, NY 10 1663 


in the rest of the world: Elsevier Science Publishers, Direct Mail 
Department. PO. Box 211, 1000 AE Amsterdam, The Netherlands 


Send subscription orders to either your usual supplier orto 
the New York address. 


Note: Subscription rates valid through December 31, 1987, Pu 
6-8 weeks for delivery of the first issue 





——————————————————— 


XVI 








L 


British Heart Journal August 1987 











“Value judgements about food are being made all the time . . . 


ABC OF NUTRITION | «vcn 


. they are nearly always 
subjective and usually 
wrong. " A Stewart 
Truswell, Boden professor 


| of human nutrition at the 


University of Sydney, 


| separates fact from fallacy in 


the ABC of Nutrition, a 
collection of articles from 
the BM7. This illustrated 
guide offers the general 
medical reader a refreshingly 
down to earth review of all 
aspects of nutrition — from 
anorexia to obesity, infant 
feeding to dietary guides for 
the elderly — and will be 
invaluable for any doctor 


_ wishing to advise his patients 


about their eating habits (or 
even to revise his own). 


Chapters include: 
è Nutrition for pregnancy 


è Enteral and parenteral nutrition 


e Vitamins 


e Malnutrition in the third world 


Price: Inland £4.95; Abroad £6.75/USA$10.00 








* Therapeutic diets 
* Reducing the risk of coronary heart 


* Food sensitivity 


BMA members: Inland £4.45; Abroad £6.25/USA$9.00 


(Please quote membership number). Prices include postage, by air abroad. 


Payments must be enclosed with order. 


BOOKS FROM THE BMJ & 


Order from The Publishing Manager, British Medical Journal, BMA House, Tavistock Square, 
London WCIH 9JR or any leading bookseller 








British Heart Journal August 1987 





CARDIOTHORACIC INSTITUTE 
(Associated with the National Heart and Chest Hospitals) 


SEMINAR ON RADIATION PROTECTION 
FOR CARDIOLOGISTS 


Friday 30 October 1987 


Venue: Paul Wood Lecture Theatre, National Heart Hospital, London 


The Seminar is designed for cardiologists who are involved in the investigation of patients 
by cardiac catheterisation, radio-nuclide studies or in the insertion of pacemakers, where 
ionising radiations (X-rays etc.) are employed. 


The course is based on the suggested "Core of Knowledge as to Radiation Protection of 
Patients requisite for persons directing medical exposures", introduced by the lonising 
Radiations (Protection of Persons Undergoing Medical Examination or Treatment) 
Regulations 1987. Each person attending will be issued with a certificate of attendance 
to show that he/she has received instruction in radiation protection. 


Fee: £55 (inclusive of hospitality, i.e. coffee, lunch and tea). 


For further details and an application form, please write to: 


The Postgraduate Course Secretary 
Cardiothoracic Institute 
2 Beaumont Street 
London W1N 2DX 





Published by British Medical Association, Tavistock Square, London WCiH 93K 
and printed in England by Eyre & Spottiswoode Ltd, London and Margate. 





Write one 








Write effect 








Write lon 





Write 





erm 





£ 





atenolol 100mg 


Write for hypertension 





DOSAGE 
HYPERTENSION + ANGINA PROPHYLAXIS 


‘Tenormin’ - 1 
CHILDREN : ho 
ELDERLY PATIENTS - 
CONTRA-INDICATIONS 
Heart Block. 
PRECAUTIONS 













normin in children. 
s may be lower in elderly patients. 









€, anaesthesia. pregnancy. Caution in 
ë or asthma. Atenolol modifies the 





patients with chronic obstruct 
tachycardia of hypoglycaemia. C n with verapamil or Class 1 
antidysrhythmic agents. Withdrawal of clonidine. Withdrawal of beta blocking drugs 
should be gradual in patients with ischaemic heart disease. 











‘Tenormin’ is a trade mark. 


Further information is available on request from the Company. 


Stuart Hoi 
Cheshire SKS 
4 


Alderley Road, Wilmslow. 


i € Stuart Pharmaceuticals Limited 





September 1987 Vol58 No 3 







A monthly journal of cardiology 
published in association with 
the British Cardiac Society 


Jubilee Editorial: hypertension C Dollery 


Editorial: assessing the success of percutaneous 
transluminal coronary angioplasty 
PDV Bourdillon 


Congestive cardiac failure: central role of the 
arterial blood pressure P Harris 


The pathology of the early and late stages of 
primary pulmonary hypertension D Heath, 
P Smith, J Gosney, D Mulcahy, K Fox, 

M Yacoub, P Harris 


Ventricular septal defect after myocardial 
infarction: assessment by cross sectional 
echocardiography with pulsed wave Doppler 
scanning D Macleod, L Fananapazir, 

D de Bono, P Bloomfield 


Left ventricular function and oesophageal 
function in patients with angina pectoris and 
normal coronary angiograms P M Schofield, 
N H Brooks, S Colgan, D H Bennett, 

P J Whorwell, C L Bray, C Ward, 

P £ Jones 


Intravenous streptokinase treatment and serum 
C-reactive protein in patients with acute 
myocardial infarction K Pietilà, A Harmoinen, 
L Pöyhönen, M Koskinen, J Heikkila, 

R Ruosteenoja 


Total body electrolyte composition in patients 
with heart failure: a comparison with normal 
subjects and patients with untreated 
hypertension J G F Cleland, H J Dargie. 

/ Robertson, J ! S Robertson, B W East 


The morphology of the right ventricular outflow 
tract after percutaneous pulmonary valvotomy: 
long term follow up M Robertson, 

L N Benson, J S Smallhorn, N Musewe, 

R M Freedom, C A F Moes, P Burrows, 

A E Johnston, F A Burrows, R D Rowe 


Transvenous cardioversion for the management 
of recurrent ventricular arrhythmias 

C A Bucknall, S Lewis, R Vincent, G Jackson, 
D E Jewitt, D A Chamberlain 


ritish 





Heart 
Journa 





Detection of arrhythmias: use of a 
patient-activated ambulatory electrocardiogram 
device with a solid-state memory loop 

A P Brown, K D Dawkins, J G Davies 


Failure of propranolol to improve exercise 
tolerance in patients with mitral stenosis in 
sinus rhythm M M Bassan, J Michaeli, 

O Shalev 


Inheritance of hypertrophic cardiomyopathy: a 
cross sectional and M mode echocardiographic 
study of 50 families S C Greaves, 

A H G Roche, J M Neutze, R M L Whitlock, 

A M O Veale 


Cross sectional subcostal echocardiography: 
atrioventricular septal defects and the short axis 
cut C Mortera, M Rissech, M Payola, C Miro, 
R Perich 


Interrupted right aortic arch in DiGeorge 
syndrome P Moerman, M Dumoulin, 
J Lauweryns, L G Van der Hauwaert 


Brucella endocarditis M O Jeroudi, 
MA Halim, E J Harder, M B Al-Siba'i, G Ziady, 
E N Mercer 


Case reports 
Diagnosis of double aortic arch by cross 
sectional echocardiography with Doppler 
colour flow mapping M-N Kan, N C Nanda, 
AR Stopa 


Infection of modified Blalock shunts 
J S Carvalho, P Belcher, W B Knight 


Treatment of glossopharyngeal neuralgia by 
carbamazepine R Saviolo, G Fiasconaro 


Aortic valve endocarditis associated with 
Legionella infection after Mycoplasma 
pneumonia P Littrup J K Madsen, 

K Lind 


A case of subacute effusive constrictive 
pericarditis with a probable amoebic 
aetiology C S Baid, A R Varma, 

M Lakhotia 


Notices 


British Medical Association 


ASTM CODEN: BHJUAV 58(3) 179—298 (1987) 
ISSN 0007-0769 





British Heart Journal 


EDITOR Dennis Krikler 


EDITORIAL COMMITTEE 


Clive P Aber Nicholas Brooks Kate Bull 


John S Geddes 


ASSISTANT EDITORS M J Davies, Kim Fox, Peter Mills 


T W Meade Alexander L Muir 


Paul J Oldershaw John Parker Philip A Poole-Wilson Maurice Raphael David B Shaw 


Roderic D Thomas John Watkins 
Editor: British Medical Journal 


TECHNICAL EDITOR Jane Dawson 
STATISTICAL ADVISER Stephen J W Evans 


J L Wilkinson 


Notice to contributors 


Papers relating to the heart and circulation should be sent 
in duplicate to the Editor, British Heart Journal, BMA 
House, Tavistock Square, London WC1H 9JR, and be pre- 
pared according to the Uniform requirements for manuscripts 
submitted to biomedical journals (Vancouver agreement) (Br 
Heart J 1984; $1: 1-6). Authors are asked to complete a 
copy of the checklist provided (1986;55:115 (January 
issue)) when submitting their manuscripts for publication. 
Receipt of a manuscript will be acknowledged only if a 
stamped addressed envelope (for UK contributors) or an in- 
ternational reply paid coupon (for overseas contributors) is 
provided. A covering letter must be signed by all authors 
stating that they have seen and approved the paper and that 
the work has not been, and will not be, published else- 
where. All authors will be required to transfer copyright of 
their articles to the journal before publication. (All material 
for possible publication (including Letters to the Editor) 
must be typed in double spacing with 4 cm margins.) 


Ethical standards 

Authors are expected to comply with the code of ethics 
known as the Declaration of Helsinki. Where appropriate, 
manuscripts should include a statement that the research 
protocol has been approved by the locally appointed ethical 
committee and that the informed consent of the subjects 
has been obtained. 


Case reports should convey only the essential facts ofa 
case and the discussion and bibliography be kept to a 
minimum. They should have no more than three authors, 
should not exceed 1500 words, and include no more than 
two Figures. 


Abbreviations should nor be used in the text, except for 
mathematical calculations and units of measurement. 


References must be cited precisely according to the Van- 
couver agreement and be typed in double spacing. As a 
general rule, no more than three references should be cited 
for any one statement. 

We are no longer able to check references for accuracy. 
Errors are perpetuated if authors copy references cited in 
another’s published work without checking them at source. 
In future authors will be responsible for the accuracy of any 
references cited: these should be checked at source or with 
the listing in Index Medicus. 


Units of measurement used in the authors’ work should 
be cited first followed by either the equivalent SI units or 
traditional units in parentheses. For Tables and Figures a 
conversion factor only should be given. 


* 


Editor: Cardiovascular Research 


EDITORIAL ASSISTANT Anne Oliver 


Tables must be typed on separate sheets and not in the 
text. Titles should be provided, and all abbreviations used 
must be given in full in a footnote. 


Illustrations (for general requirements, please refer to 
Br Heart J 1984; $1: 1-6). 

Electrocardiograms: Black and white prints only should 
be sent and not the original tracings. If several tracings are 
grouped in a single Figure only a few complexes should be 
shown; the width should not exceed 14 cm unless a reduc- 
tion in scale is possible. 

Echocardiograms: Since these will be reproduced at a 
width of 7 cm or less ail unnecessary or irrelevant detail 
(such as electronic writing) should be removed. Labelling 
must be superimposed directly on to the print itself and 
only where essential be shown on an accessory drawing. 
Echocardiograms obtained with 30° sector scans or bistable 
equipment or recorded on ultraviolet paper are not suitable 
for publication. 

Figure legends must include an explanation of all abbrevi- 
ations used in the Figure. 


Copyright permission to reproduce material published 
elsewhere must be obtained in writing and acknowledged in 
the manuscript. 


Proofs of articles accepted for publication will be sent for 
the author’s approval. Proof corrections should be kept to 
a minimum. 


Notice to subscribers 

British Heart Journal is published monthly. The annual 
subscription rates are £84.00 inland and £99.00 overseas 
(including the USA). Combined rate: British Heart Journal 
and Cardiovascular Research £162 inland and £190 over- 
seas. Orders should be sent to The Subscription Manager, 
British Heart Journal, BMA House, Tavistock Square, 
London WCIH 9JR. Orders can also be placed with any 
leading subscription agent or bookseller. (For the con- 
venience of readers in the USA subscription orders ($147) 
with or without payment may also be sent to British Med- 
ical Journal, Box 560B, Kennebunkport, Maine 04046. All 
inquiries, however, must be addressed to the Publisher in 
London.) All copies are despatched by air-speed. First 
class rates available on request. 


COPYRIGHT © 1987 by the British Heart Journal. All 
rights reserved. No part of this publication may be re- 
produced, stored in a retrieval system, or transmitted in 
any form or by any means, electronic, mechanical, 
photocopying, recording, or otherwise, without the prior 
permission of the British Heart Journal. 






B 
ta 
e 
«1 
u a E 1 
$ ' 
a 
` 
* 
b. ws 
PRA 
wc 
1 | 
< í ^ 
LO 
X ^ 
ey 
* 


. M tears 4c sd 
'Hypovase can » treat all grades of © M. 
hypertension. RE ^ o X a > 

And coe es of patient. Predi ctatüly. «e a 


tarter pack for nev 
"ds MA. 


yE 



















se 


prazosin 


Hypova 


A first line therapy in hypertension 











Prescribing Information in Hypertension: Indications Hypovase is indicated potential benefit outweighs potential risk Use for children 

in the treatment of hypertension of varied aetiology and all grades of severity. recommended for the treatment of children under the age of twe 
it can be used alone or in conjunction with other anti-hypertensive drugs such safe conditions tor its use have not been established Side-effects 
as à beta-blocker or a thiazide diuretic. Contra-indications Sensitivity to drowsiness and lack of energy are the most common. Dosage 
Hypovase. Precautions A small percentage of patients may react more rapidly 0.5mg two or three hours before retiring: the ter upt €i 
and to a greater extent than the majority. In some cases this has led to sudden doses. Basic NHS Cost O 5mg tablet (PL5 70149) pack « X). £ 
loss of consciousness generally lasting a few minutes. Subsequent treatment tablet (PL57/0106) pack of 100. £5.25: 2mq tablet (PL* 

may be satisfactory. WARNINGS: Use during pregnancy. Although no £6.98. 5mg tablet (PLS 7/0108) pack of 100. £15 58 Als 
teratogenic effects were seen in animal testing. the safety of Hypovase use Starter Pack for hypertension only contaimir mg 





during pregnancy or during lactation has not yet been established. Accordingly. 32 x 1mg Hypovase tablets £2.70. Further ! Pfi er 
it chewile ho read dirinn thaca timas anh: whan in the anininn af the nhwcieian renuect Dfizor itd &Sanchach Kent *Trade Mark - 





Adalat 


nifedipine 


om the start in angina 


increases myocardial oxygen supply 
and reduces demand 





Adalat® 10 mg nitedipine capsules lor angina Adalat 5* 5 mg nifedipine capsules tor angina in the elderly. Prescribing Information. Presentation: Adaiat/Adziat 5 Orange soft gelatin capsules containing a yellow viscous liquid. Adalat 
capsules overprinted with ‘ADALAT and the Bayer Cross contain 10 mg nifedipine Adalat 5 capsules overpnnted with ‘ADALAT 5° and the Bayer Cross contain 5 mg nifedipine Indications: For the treatment and prophylaxis of angina 
pectoris, and for the treatment of Raynaud's phenomenon Dosage and Administration: For orai administration, the capsules should be taken with a litte fluid-during or after meals. The recommended dose is one 10 mg capsule three 
Times daily. I! necessary. up to two 10 mg capsules three times daily may be taken. If an immediate effect is required, the capsule should be biften open and the liquid contents allowed to remain in the mouth. Adalat 5 capsules permit 
titration of initial dosage in the elderly and those patients on concomitant medication The recommended dose is one Adalat 5 capsule three times daily For the treatment of Raynaud s phenomenon the recommended dose is one 10 mg 
Capsule three times a day with subsequent titration of dose according to response. to a maximum of two 10 mg capsules three times a day Contra-indications, warnings, etc. Contra-indications: Must not be given to women capable of 
child bearing. Warnings and Precautions: Adalat is not a beta-blocker and therefore gives no protection against the dangers of abrupt beta-blocker withdrawal: any such withdrawal should be by gradual reduction of the dose ot 
beta-blocker, preferably over 8-10 days. Adalat may be used in combination with beta-blocking drugs and other antihypertensive agents, but the possibility of an additive effect resulting in postural hypotension should be borne in mind 
Adalat will not prevent possible rebound etlects after cessation of antihypertensive therapy Adalat should be used with caution in patients whose cardiac reserve is poor ischaemic pain has been reported in some patients, commonly 
within 30 minutes of the introduction at Adalat therapy. Patients experiencing this effect should discontinue Adalat The use of Adalat in diabetic patients may require adjustment of their control. The ant)-hypertensive effect of nifedipine 
can be potentiated by simultaneous administration with cimetidine When used in combination with nifedipine, serum quinidine levels have been shown jp be suppressed regardless of dosage ot quinidine Side Effects: Adaiat is well 
tolerated. Minor side effects, usually associated with vasodilatation are mainly headache, flushing. and lethargy. These effects 
are transient and invanably disappear with continued treatment Gravitational oedema associated with increased capillary 
filtration capacity has been reported. There are reports of gingival hyperplasia which may regress on withdrawal of therapy 
Rare cases of hypersensitivity-type jaundice have been reported Overdosage; Standard measures such as atropine and 
noradrenaline may be used for resultant bradycardia and hypotension. Intravenous calcium gluconate may be of benefit 
combined with metaraminoi. Pharmaceutical Precautions: The capsules should be protected trom strong light and must be Bayer House, Strawberry Hill, Newbu 
Stored in the manufacturer s originai container. Legal Category: POM. Pack Quantities: Adaiat and Adalat 5 capsules are R Sehi RG13 WA. Telephone (0635) 39000 
available in fod strips of 10 in packs of 100. Daily Treatment Cost: Adalat: 37p per 3 capsules. Adalat 5: 25p per 3 capsules 

^ fut amat Mamba iss thon Adaa E R MA0 t RBonictenad trade mark nf Rauer Germany (^ Rawer HK limited Anril 1987 





Further information is available from 


Bayer UK Limited 
Pharmaceutical Business Group 
BA 







ER) Ethical Products 


Jubilee Editorial 


Hypertension 


COLIN DOLLERY 


Br Heart J 1987;58:179-84 


From the Department of Clinical Pathology, Royal Postgraduate Medical School, Hammersmith Hospital, 


London 


Over the past 40 years hypertension has been a spe- 
cial focus of interest for research workers in Britain. 
Great contributions have been made by researchers 
in other lands but this editorial must be forgiven 2 
mildly parochial outlook because it is part of a series 
written to celebrate the Golden Jubilee of the British 
Cardiac Society. In a wide field of investigation there 
are four areas in which the contribution of the 
United Kingdom was particularly notable. The first 
of these was the description of the pathological fea- 
tures of severe hypertension. 


Pathology 


In a sense it all began when, long before the first 
measurements of blood pressure in man, Richard 
Bright observed that patients dying of nephro- 
sclerosis often had enlarged hearts.’ But the meticu- 
lous pathological observations of Volhard and Fahr 
in Germany? marked the beginning of the modern 
vascular pathology. Fahr’s description of "partial 
infarction” of the kidney has never been surpassed. 
The only real flaw was an excessive emphasis upon 
vasospasm as a cause of the abnormality. Serious 
work on experimental hypertension came only after 
Goldblatt’s discovery of the renal artery clip in the 
1930s.? His methods were taken up by Clifford Wil- 
son and Frank Byrom at the London Hospital, who 
used them in several important experiments on the 
time course and reversibility of hypertension pro- 
duced by the renal artery clip.* 

The visual impact of later studies by Byrom of the 
pial arteries of the hypertensive rat, observed 
through an implanted transparent skull window, was 
stunning.? I can still remember the impression they 
made on me at a Medical Research Society demon- 
stration at the start of my own research career. At 
about the same time Kincaid-Smith, McMichael, 
and Murphy* completed an extensive correlative 
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study of the clinical and pathological features of a 
large series of patients with accelerated hyper- 
tension seen at Hammersmith just before the dawn 
of the modern era of treatment. 

Because of their accessibility the fundus oculi have 
always had a special place in research on hyper- 
tensive. vascular disease. Many physicians assume 
that it all began with Keith, Wagener, and Barker's 
famous paper from the Mayo Clinic in 1939, in 
which they correlated retinal features with progno- 
sis.’ In fact they were far from the first to describe 
the features or identify the prognosis. As early as 
1859, Liebreich, in Germany, had described linear 
streaks of blood, milk white spots, a reddish papilla, 
engorged veins, and abnormal retinal arteries in pa- 
tients with Bright’s disease.” In 1886 Bull in the 
United States followed up 86 patients with neuro- 
retinitis and found that 57 died within a year.? No- 
table descriptions of the more subtle arterial and 
venous changes in the hypertensive fundus were 
made by the British ophthalmologists Marcus Gunn 
(1898) and Foster Moore (1916).1?!! But Keith, 
Wagnener, and Barker had the blood pressure read- 
ings as well as the clinical description, and their 
paper deserves its reputation. 

The Glasgow ophthalmologist Robert Leishman 
established the clinicopathological correlation of the 
fundal changes in hypertension.!? The coming of 
fundus photography, and particularly fluorescein 
angiography, made it possible to follow the evolution 
of areas of fibrinoid necrosis in retinal arteries in man 
and experimental animals, which showed up as areas 
of fluorescein leakage. From these studies the patho- 
genesis of the cotton wool spot was deduced.!? 1* It 
was my singular good fortune to participate in that 
exciting era of retinal research with Paul Henkind 
and Norman Ashton from the Institute of Ophthal- 
mology. 


Epidemiology 


The second great contribution of the British in- 
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vestigators was to the epidemiology of hypertension. 
The family studies carried out by Pickering, 
Hamilton, Fraser Roberts, and Sowry and St Mary’s 
were highly original in their conception. No doubt 
history is right to give George Pickering most of the 
credit for conceiving this study but the contribution 
of the statistician Fraser Roberts goes largely un- 
recognised. Yet it was probably his skill that con- 
verted a good piece of clinical research into a classic 
study.!? Later this work became one of the cen- 
trepieces of the famous Platt-Pickering controversy 
that enlivened the columns of the Lancet in 1963.19 

A different view of the genetics of hypertension 
had emerged in Robert Platt's department in Man- 
chester. Vivid arguments about the relative merits of 
camels with two humps and dromedaries with one 
echoed up and down the land. By general agreement 
Pickering won the argument by demonstrating that 
the bimodal distribution of blood pressure in Platt’s 
data was an artefact of digit preference and avoid- 
ance. One consequence was a much more exact ap- 
proach to clinical blood pressure measurements in 
which Geoffrey Rose was a leader!” notably with his 
ultimate weapon against digit preference—the 
London School of Hygiene and Tropical Medicine 
sphygmomanometer. 

It is fascinating to speculate that Platt's ghost may 
ride again when the molecular biologists crack the 
hypertension genes. Hypertension demonstrates 
polygenic inheritance and the risk is graded with the 
pressure. But the number of important genes will 
probably turn out to be small and it would not be 
surprising to find that the cardiovascular risks con- 
veyed by each of them are different. Who would be 
judged the victor then? Perhaps both Platt and 
Pickering—we shall see. 

Prospective studies of defined populations have 
played a very important part in understanding the 
risks of mild increases in blood pressure. The early 
studies by Miall!5 in the mining valleys of South 
Wales were of a high standard, but later the palm 
crossed the Atlantic and all the really important 
prospective studies, such as Framingham, Albany, 
'Tecumseh, were done in the United States.!? Why 
didn't the United Kingdom play a bigger part? Per- 
haps the gulf that existed between many clinicians 
and epidemiologists at the time was unbridgeable. 


Pathogenesis 


The study of pathogenesis is the third area in which 
there have been substantial contributions from the 
United Kingdom. Stanley Peart took leave from St 
Mary's to work with Elliott at the National Institute 
for Medical Research and together they elucidated 
the peptide sequence of angiotensin.?? Nowadays 
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sequencing a short peptide is a simple matter but 
then it was a tour de force. Peart’s work on the 
renin-angiotensin system was continued at St 
Mary’s, and later at Glasgow, by the troika of 
Brown, Lever, and Robertson. Perhaps their great- 
est contribution was to take apart the assay of renin 
so that it became an accurate measurement of renin 
content, calibrated against a defined biological stan- 
dard. Much of our knowledge of the role of renin in 
conditions like renal artery stenosis and Addison’s 
disease came from that era.?! John Dickinson, while 
still at University College Hospital, used his elec- 
tronics know-how and mechanical ingenuity to de- 
vise a system for giving prolonged subpressor 
infusions of angiotensin to rabbits.?? The 
progressive increase in the pressor effect which he 
observed is one of the few positive feedback loops 
known in biology. Currently, attention in the renin 
angiotensin field has shifted to renin in the vessel 
wail and several groups in the United Kingdom are 
actively engaged.?5 

Modern interest in the role of sodium retention on 
the regulation of blood pressure can be traced back 
to Borst’s experimental work with liquorice in Hol- 
land. Borst was not a charismatic figure and received 
little credit in his own country or elsewhere but his 
observations were important and original.** Work 
on sodium retention received a tremendous boost 
when the Taits, working at the Middlesex Hospital 
Medical School, using the novel paper chromato- 
graphic methods for steroid separation that had been 
devised by Ian Bush, identified a new salt retaining 
steroid in the adrenal gland and called it “electro- 
cortin”.?5A short time later electrocortin became 
aldosterone. Considering the importance of the dis- 
covery, they must have come close to winning the 
Nobel prize, but Jim Tait and Ian Bush received 
only modest recognition in their own land. The 
names we tend to remember are those of the Ameri- 
cans Arthur Guyton and Jerome Conn rather than 
those of Borst, Bush, and Tait. Both Guyton, who 
constructed computer models of the haemodynamic 
and renal interactions that led to an increase in 
blood pressure, and Conn, who discovered primary 
hyperaldosteronism, made great independent con- 
tributions; but we had our own heroes. Jack 
Ledingham at the London devised ingenious meth- 
ods for measuring cardiac output in conscious rats so 
that the changes that took place as the blood pressure 
rose after a renal clip could be studied.?5 

These experiments did much to establish Guy- 
ton’s model. Cuthbert Cope at Hammersmith, who 
made many contributions to the study of the ste- 
roids, was only days behind Conn in hunting for 
electrocortin excess in a patient with “‘potassium los- 
ing renal disease’’.?” 
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Drug treatment 


The fourth component of hypertension research in 
the United Kingdom has been the study of drug 
treatment of hypertension. As it is the part of the 
story which I know best I hope that I may be for- 
given for devoting greater attention to it. 

Early clinical memories are always the most pow- 
erful. My first memory of severe hypertension is as 
avery junior clinical student in the early 1950s. I was 
clerking a patient admitted to an ear, nose, and throat 
ward with an epistaxis who was found to have a very 
high blood pressure and papilloedema. After the 
bleeding stopped she was discharged on the grounds 
that the condition was untreatable. I was shocked 
because during my intercalated BSc in physiology, a 
few months before, I had read papers about pen- 
tolinium tartrate. Three years later as a house officer 
with Melville Arnott in Birmingham I had first hand 
experience of how difficult it was to manage patients 
with malignant hypertension with pentolinium and 
mecamylamine. At that time some patients with the 
most refractory hypertension had bilateral adre- 
nalectomy and under replacement with cortisone. 
The aim was to find a precarious ledge between death 
from addisionian crisis on the one hand and malig- 
nant hypertension on the other. It was a challenging 
experience for a preregistration house officer. If the 
blood pressure was brought under control there was 
dramatic clinical improvement. Pulmonary oedema 
vanished like magic, deterioration of renal function 
halted, and retinal cotton wool spots and papil- 
loedema quickly regressed. 

I leap forward 29 years to a press conference at the 
Medical Research Council in July 1986 at which 
members of the MRC Hypertension Trial Working 
Party, chaired by Peart, were trying to explain to a 
distinctly unimpressed group of journalists how they 
had screened half a million people, treated 18 000 of 
them with very mild hypertension for five years, and 
had prevented 60 strokes and 5 myocardial infarcts 
and saved 12 lives.?9? So much had happened in be- 
tween. 

'The dawn broke with the synthesis of a series of 
polymethylene quaternary ammonium compounds. 
This was followed by precise pharmacological stud- 
ies by Paton and Zaimis at the Royal College of 
Surgeons.?? The clinical initiative was seized by 
Smirk in Dunedin.?? He had been a Professor of 
Pharmacology in Cairo (as had Gaddum before him) 
before becoming a Professor of Medicine so had a 
prepared mind and a proper sense of the priorities. 
His abstract in the New Zealand Medical Journal in 
1950 describing the reversal of the clinical features of 
malignant hypertension represents the beginning of 
the modern era of antihypertensive treatment. His 
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findings were quickly confirmed by McMichael at 
Hammersmith and Rosenheim at University College 
Hospital. May and Baker, the British subsidiary of 
the French company Rhone Poulenc had an im- 
portant role in developing the quaternary ammo- 
nium compounds for clinical use. 

There followed a period of explosive discovery of 
active compounds in the pharmaceutical industry 
and ever widening indications for their use. 
Mecamylamine (Merck, United States) and pem- 
pidine (May & Baker, Dagenham) overcame the 
problems of poor bioavailability and tolerance that 
hampered the use of the quaternary ammonium 
ganglion blocking drugs.!?? Bretylium tosylate 
(Burroughs Wellcome, Beckenham) was the first 
selective inhibitor of adrenergic neurones and spared 
patients from the miserable parasympathetic side 
effects of ganglion blockade.?? I have a memory of 
leaving a meeting about bretylium in conversation 
with Max Rosenheim around 1960. To him brety- 
lium represented the ultimate that was likely to be 
achieved in selective sympathetic blockade. Nearly 
three decades and several generations of more selec- 
tive drugs later this seems hard to believe. Despite its 
high initial promise bretylium, like pentolinium a 
quaternary ammonium compound, was felled by the 
rapid development of tolerance. Fortunately, gua- 
nethidine discovered by the Ciba company in the 
United States was close behind.?* The same com- 
pany had earlier developed hydralazine but this drug 
was not much used in Britain at the time. The late 
Franz Gross, who played a leading role 1n the devel- 
opment of hydralazine,?> was wont to say that Brit- 
ish doctors nearly destroyed the drug by giving 
excessive doses and causing a great deal of avoidable 
toxicity. Reserpine was another important drug dis- 
covery from a medicinal plant long known in India. 
Its properties were drawn to the attention of the 
Western world by an article by Vakil in the British 
Heart Journal.’ Use of high doses and suicides 
among several patients in Britain and New Zealand 
blackened the name of this drug but it is still widely 
used on the mainland of Europe. 

'The real revolution began with the discovery of 
chlorothiazide by Karl Beyer and his colleagues at 
Merck, Sharp & Dohme in the United States.?" 
Chlorothiazide and its many congeners were well 
tolerated, easy to regulate, and potentiated the action 
of most other antihypertensive drugs. They opened 
the door to an era of mass treatment. Methyldopa, 
whose blood pressure lowering action was discov- 
ered by Oates and Sjoerdsma at the National Inst- 
tutes of Health, was also developed by Merck, 
Sharp & Dohme. These two drugs played a central 
part in the ever widening use of antihypertensive 
drugs during the decade between 1960 and 1970. It 
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was also a time that saw clinical pharmacology begin- 
ning to come into its own because of the need to 
study the new powerful drugs in a more systematic 
way than the clinical anecdotes and testimonials of 
the past. 

Meanwhile the search for more specific drugs 
went on and after some encouraging indications from 
other workers the team under James Black at Impe- 
rial Chemical Industries produced pronethalol and 
later propranolol?? Angina was the main clinical 
target; it was during a carefully conducted angina 
trial that Prichard observed a small but systematic 
reduction in blood pressure.*° His persistence in 
studying the hypotensive effect of beta blockade in 
comparison with other powerful established drugs 
(and in the face of some opposition) finally led to the 
wide recognition that propranolol was an essential 
therapeutic agent. Through its introduction 
hydralazine and other vasodilators gained a second 
lease of life. Propranolol began to replace reserpine 
in the “combos” beloved on the Continent and the 
“stepped-care” of North America. 

The calcium antagonists verapamil and nifedipine 
from Knoll and Bayer in Germany*! also came into 
antihypertensive treatment by way of the treatment 
of angina. By contrast, the angiotensin converting 
enzyme inhibitors were discovered by the Squibb 
company in the United States as a result of a deliber- 
ate search after the orginal observations of biological 
activity in snake venom. ^? 

Throughout this period the United Kingdom 
maintained a good reputation for accurate and 
critical studies of new antihypertensive drugs. To do 
so at a time when enormous commercial forces were 
unleashed was no small contribution. Two factors 
seem to have helped. The first was the expertise of 
the specialist hypertension clinics that had been 
founded in a number of major hospitals 
(Hammersmith, University College Hospital, 
Oxford, Manchester, Sheffield, Chelmsford) to 
handle the ganglion blocking drugs. The existence of 
the National Health Service made long term 
specialist follow up easier than it was in the private 
fee-based systems in other countries. 

Another positive influence was the rise of clinical 
pharmacology as a clinical and laboratory discipline. 
Possibly it was not in the long term interest of clin- 
ical pharmacology that so many of the founding 
fathers of the subject in the United Kingdom 
adopted hypertension as their disease but it did mean 
that considerable expertise was deployed. Anti- 
hypertensives, especially the f blockers, became the 
model for exact studies of pharmacodynamics and 
kinetics in man. With the oculomucocutaneous syn- 
drome with practolol, diabetes with diuretics, 
haemolytic anaemia with methyldopa, systemic 
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lupus with hydralazine, and nephrotic syndrome 
with captopril it also became the training ground for 
clinical toxicologists. 

In the first decade of modern treatment, when 
almost all the patients had very high pressures, there 
was convincing clinical evidence of benefit. Retinal 
haemorrhages, cotton wool spots, and papilloedema 
resolved*? and pulmonary oedema melted away. In 
the second décade, most patients still had pre- 
treatment diastolic pressures above 110 mm Hg. On 
treatment their heart often got smaller, electro- 
cardiographic evidence of left ventricular hyper- 
trophy regressed,** symptoms such as morning 
headaches disappeared,*? and deaths from cerebral 
haemorrhage or rapidly progressive renal failure 
became rare.^5 In the third decade (from about 1970 
onwards) the nature of the problem changed. Many 
patients had diastolic pressures of only 100 mm Hg 
or lower and few had any signs or symptoms related 
to hypertension. The aim of treatment was to pre- 
vent cerebral and coronary vascular disease and clin- 
ical assessment was of little help. This was the stage 
when the large trials of outcome came into their own. 

It would be wrong to end this account of a glorious 
period of discovery and innovation in drug treatment 
like the end of a Hollywood movie with the heroes 
walking off into the sunset. Only a few of the new 
drugs were developed from the outset as anti- 
hypertensives. Most of the others arose from intel- 
ligent pursuit of chance observation in animals or 
man. Some of the most spectacular examples of drug 
toxicity have arisen with antihypertensives. Much of 
the toxicity was (and is) dose related and therefore 
potentially avoidable. Often the first descriptions of 
toxicity came from the United Kingdom. Some 
reports were the result of excessive enthusiasm for 
high doses but often alert long term follow up led to 
the early recognition of toxicity and some estimate of 
incidence. The British record on outcome trials has 
been patchy. Hamilton carried out a promising but 
very small trial in Britain,^? but it was Freis in the 
United States who initiated the only substantial 
placebo controlled trials of treatment of moderate 
and severe essential hypertension during the period 
that treatment was being rapidly extended.** By the 
early 1970s the issue was becoming pressing because 
millions of patients with mild hypertension were 
being considered for treatment. In 1971 the Medical 
Research Council agreed to conduct a trial in mild 
essential hypertension. I had some part in the 
decision, having written to the Secretary of the Med- 
ical Research Council to suggest a trial; the Medical 
Research Council received similar advice from its 
epidemiology committee at about the same time. Bill 
Miall, and later Gillian Greenberg with the collabo- 
ration of many general practitioners performed the 
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vast work of recruiting patients and guiding the trial 
to a successful conclusion. And so it was that 14 years 
later we met at the Medical Research Council head 
office under the chairmanship of W S Peart to tell the 
press what we had discovered. It did not seem much: 
a 4594 reduction in stroke (the trial numbers had 
been calculated on the basis of a 409/, reduction); a 
powerful adverse effect of cigarette smoking; and no 
more than a hint of benefit for myocardial infarction 
in one subgroup. But my overriding impression of 
the 36 years since Smirk is not that we put too much 
effort into outcome trials but that we put far too 
little. The prospect for the next 10-15 years is not 
encouraging with many new drugs and little new 
outcome data (the trial pipeline is almost empty). It 
is not the best legacy to have left our successors. 
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The goals 


Evaluation of the success of a therapeutic procedure 
should be related to the technical and clinical goals 
set for that procedure. For percutaneous trans- 
luminal coronary angioplasty the goal set depends on 
the clinical circumstances. For stable angina pectoris 
it is the elimination of exertional ischaemia; however 
in an elderly patient or a patient with severe associ- 
ated non-cardiac disease, in whom coronary artery 
bypass surgery would be too hazardous, the goal may 
be limited to reducing the severity of angina pectoris 
to acceptable levels. There may also be a secondary 
goal of reducing the risk of subsequent major cardiac 
events, such as acute myocardial infarctions or 
improving prognosis. The intention in unstable 
angina is also to eliminate ischaemia but in some 
cases prevention of an impending infarction and con- 
version of the symptoms from an unstable pattern to 
a stable pattern may be an acceptable therapeutic 
result. During an evolving acute myocardial 
infarction caused by coronary occlusion angioplasty 
may be used to open the artery and reduce the steno- 
sis sufficiently to limit the extent of the myocardial 
infarction and preserve left ventricular function. 
Here it may not be advisable or desirable to attempt 
to dilate the artery to the extent that might be 
attempted in a patient with stable angina pectoris 
and single vessel disease. Similarly, when there is 
chronic total occlusion of a vessel, angioplasty can be 
used to achieve dilatation sufficient to permit ante- 
rograde flow in that artery before attempting 
dilatation of another artery. If the second artery 
becomes occluded at angioplasty, flow in collaterals 
from the first artery may avoid catastrophic hae- 
modynamic collapse. 
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Measuring success 


An inherent criterion of success in all these situations 
is not to harm the patient. So procedures causing 
death or myocardial infarction or requiring 
emergency coronary artery bypass grafting because 
of acute occlusion or dissection are by definition 
unsuccessful. Apart from these major complications 
and the inability to cross and dilate the lesion at all, 
there are few cases in which an operator will view the 
procedure as "unsuccessful". Procedures which do 
not improve the degree of stenosis (perhaps because 
there is dissection) but where occlusion is not total 
and bypass is not required may belong to this cate- 
gory. Such patients would generally be considered 
for coronary bypass surgery, which is the normal, 
though not the exclusive, alternative treatment for 
angina pectoris in patients in whom angioplasty is 
attempted. 

Whenever specific numerical angiographic criteria 
are used to define success, there is a reasonable nat- 
ural tendency to classify as successful any procedure 
in which the above criteria for lack of success are not 
met. It may therefore be more realistic to define as 
successful, procedures that are not clearly failures, 
although there will be a subgroup of these “‘success- 
ful” procedures that could more accurately be 
classified as “partially successful". Perhaps the most 
relevant question is “‘did we do what we came to do?" 


Primary success 


Most published reports refer to the “primary suc- 
cess" of angioplasty rather than its "clinical suc- 
cess". Primary success is based on angiographic 
criteria and the technical goal is to reduce the angio- 
graphic stenosis to an acceptable level. This will vary 
with the clinical situation and the coronary anatomy. 
Unfortunately, such variability is difficult to handle 
statistically and investigators found it is more con- 


185 


186 


venient to use standard criteria. An early definition 
of primary success used in the landmark paper by 
Gruentzig and coworkers when they described the 
results in their first 32 patients was a 10% reduction 
in diameter stenosis or gradient.' Since angio- 
graphers generally use diameter stenosis rather than 
area stenosis in referring to numerical degrees of 
stenosis this convention will be followed here. Sub- 
sequently Gruentzig and coworkers regarded a re- 
duction in angiographic stenosis of 220% as 
indicative of primary success,” although they also 
used reduction in stenosis to 50% or less as the main 
criterion for successful angioplasty, and this latter 
definition has also been used by other workers.* The 
registry of the National Heart, Lung, and Blood In- 
stitute adopted the criterion of 20% reduction in 
stenosis,> and other workers have followed this 
guideline." Other definitions of primary success 
have, however, been reported, including a decrease 
in stenosis by 40% or greater,’ residual stenosis 
x:4094,1? and at least a 35% reduction in the initial 
percentage stenosis with post-angioplasty stenosis of 
50% or less.!! 

One difficulty with the 20% reduction definition 
advocated by Gruentzig and coworkers is that the 
patient may be left with a residual stenosis of 
70-80% and still be classified as a success. Some- 
times this may be valid but in many patients residual 
exertional ischaemia would be expected, or recurrent 
symptoms associated with “‘restenosis” may be more 
likely. On the other hand, using criteria such as a 
residual stenosis of <40% strictly would result in 
lower primary success rates and in a significant num- 
ber of patients the procedure may erroneously be 
classified as unsuccessful, since in a patient with 
“subtotal” obstruction (so-called “99%” or “98%” 
stenosis) and unstable angina, reduction of the steno- 
sis to 60% may result in a definite clinical success. 
The term “partial success" may be used to describe 
such a patient but this term has not really been used 
to any extent in published reports, presumably be- 
cause mixtures of degrees of success are more 
difficult to handle statistically. 

The term “partial success" may also relate to pa- 
tients with multivessel disease in whom success may 
be achieved in one or more vessels but not in all. In 
these patients the term success refers to procedural 
success for the individual patient rather than to tech- 
nical success of dilatation of an individual lesion. For 
example, in a patient with occlusion in one vessel and 
90% stenosis in another, an attempt at reopening the 
occluded vessel may be unsuccessful whereas the 
dilatation of the stenosed vessel may be successful 
both angiographically and clinically, since in many 
cases treatment of the “culprit” or “target” lesion 
can result in clinical success without the need for 
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“complete” revascularisation.!? 

Part of the problem of defining primary angio- 
graphic success is the inaccuracy inherent in the an- 
giographic measurement of percentage diameter 
stenosis. This can be particularly difficult when there 
is intimal dissection. There is considerable inter- 
observer and intraobserver variability in these mea- 
surements,!? and unless they are made blind by an 
independent observer, with or without computer as- 
sisted analysis, it is all too easy for any sort of angio- 
graphic improvement to be fitted to the given criteria 
for angiographic primary success. Even computer 
assisted calliper based techniques for analysis of data 
before and after angioplasty can be biased. Com- 
pletely automated computer analysis systems may 
minimise this bias but these are not always practical 
for individual lesions. Such systems are reported to 
give lower estimates of stenosis than visual inter- 
pretation alone.!* !5 These difficulties make the pre- 
cise definitions of angiographic success less useful 
and perhaps less valid than they might initially ap- 


Although in some cases medical treatment may be 
considered the primary alternative, in most cases the 
true alternative is coronary artery bypass surgery. It 
may therefore be helpful to consider the success of 
angioplasty in the same terms as coronary artery 
bypass surgery. Defining primary success by a loose 
angiographic criterion such as any “angiographic 
improvement" or reduction in stenosis not associ- 
ated with one of the major complications!Ó is rather 
like defining coronary artery bypass surgery as ini- 
tially successful if the patient gets out of the oper- 
ating room alive with bypass grafts in place. In a 
sense this is valid and many reports on coronary 
artery bypass surgery have focused on mortality 
rates. A similar loose and “‘unscientific” definition of 
primary success for angioplasty is often used in prac- 
tice if not in print; and bearing in mind the 
difficulties inherent in the strict numerical angio- 
graphic definitions and the considerable variation in 
these definitions the less scientific interpretation may 
perhaps be more useful. Ideally, the definition of 
primary success should relate to the clinical circum- 
stances and therefore to the goal in an individual 
patient. At one extreme, primary angiographic suc- 
cess in the setting of acute myocardial infarction may 
be simply defined as angiographic patency with 
prompt opacification of the distal vessel,!? whereas 
for stable angina pectoris with single vessel disease a 
residual angiographic stenosis of <50% may be re- 
garded as a success because this would be expected 
to eliminate the symptoms. In many cases a less than 
ideal result could be regarded as a partial success. 

Measurement of gradients across the lesions at 
the time of the procedure have also been used to 
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evaluate the success of percutaneous transluminal 
coronary angioplasty. If the gradient is reduced to 
<15mm Hg there is a better chance of long term 
success without the need for repeat angioplasty, '* 
and some workers have included a gradient criterion 
in their definition of primary success, that is a reduc- 
tion to 15mm Hg"! or 10mm Hg.* This type of cri- 
terion is difficult to use clinically because there are 
technical difficulties with measurement with the bal- 
loon in position and with some balloon systems it is 
not possible to measure translesional gradient. In an 
individual patient it is hard to know what a high 
residual gradient means in terms of clinical success 
and in many cases attempting to reduce the gradient 
to a low level may be detrimental. This means that 
judgement and angiographic appearance have to be 
used in each case before proceeding to use a larger 
balloon, higher pressures, or longer inflation times. 
If a residual gradient of « 15mm Hg is used as a 
criterion for success!! a considerable number of 
patients with a higher residual gradient may still end 
up with a technically and clinically successful angio- 
plasty. Certainly, restricting the term "success" to 
patients with a residual gradient of < 10 mm Hg* will 
unreasonably exclude many adequate procedures as 
primary successes. Coronary flow reserve has been 
used in a limited number of institutions to assess the 
results of angioplasty and to relate this to gra- 
dients,!? but this is really a research procedure and 
is unlikely to be clinically useful. It requires complex 
computer digital analysis which is not generally 
available. 


Clinical success 


“Secondary” or "clinical" success may be more 
important to the patient than primary angiographic 
success. Most patients who undergo coronary angio- 
plasty have symptoms of angina or of acute myo- 
cardial ischaemia. Elimination of these symptoms, or 
at least a reduction to an acceptable level consistent 
with the patient's desired life style, would be a rea- 
sonable definition of clinical success. In some 
patients who manifest “‘silent ischaemia”, however, 
the procedure may be undertaken primarily because 
of a positive stress test in the absence of clinically 
significant symptoms. Nevertheless, most of these 
patients will have had some symptoms or a cardiac 
event, such as subendocardial infarction, to warrant 
stress testing in the first place. Defining clinical suc- 
cess as a decrease in one anginal class!! may not be 
very realistic because a patient with class IV unstable 
angina may end up with class III angina on minor 
exertion and be classified as a success; and for most 
patients this would not be a reasonable 
improvement. This may, however, be considered a 
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, partial success, or even a complete success if the goal 


of the procedure were to “buy time" by stabilising a 
patient with multivessel disease before elective coro- 
nary bypass surgery. Nevertheless, standards for 
judging percutaneous transluminal coronary angio- 
plasty should be as strict as those for bypass surgery. 
Decrease in anginal symptoms to grade II or less 
should be the minimum standard for success of 
angioplasty in most patients. If the criteria for clin- 
ical success are less strict than those for primary 
success the clinical success rate may be higher than 
the primary success rate,!! implying that primary 
"failures" become clinical successes. A primary 
“failure” should theoretically make a patient a can- 
didate for alternative treatment, usually bypass 
surgery, but such a referral would not be appropriate 
if the primary “failure” is associated with clinical 
Success. 

Problems with the subjective definition of clinical 
success by classification of symptoms make objective 
evidence of myocardial ischaemia resulting from a 
coronary artery stenosis an important part of the 
assessment of the patient before and after per- 
cutaneous transluminal coronary angioplasty. Many 
patients have objective non-invasive stress studies 
before angioplasty that confirm the presence of myo- 
cardial ischaemia associated with symptoms of 
angina. In these patients a repeat stress test after the 
procedure showing negative results or an improve- 
ment to within acceptable levels would indicate clin- 
ical success. Several studies have shown improve- 
ment in stress tests with or without radionuclide 
multiple gated acquisition or thallium studies. +4 7° 
In some patients with unstable angina or pre- 
infarction angina, relief of the unstable symptoms 
may be all that is required to establish clinical suc- 
cess, if this is the primary clinical goal of undertaking 
the procedure. In many of these cases an exercise test 
is not undertaken before the procedure because the 
symptoms are unstable. A subsequent positive exer- 
cise test with symptoms of stable exertional angina 
may still be consistent with the clinical success of the 
initial procedure, even if a second procedure is nec- 
essary to achieve further dilatation of the vessel or to 
dilate other vessels in a patient with multivessel dis- 
ease. The optimal timing of such a post-angioplasty 
stress test has not been established. If it is too early 
the patient may not be able to exercise adequately 
because of groin discomfort. If it is done very late we 
may be seeing the effects of restenosis rather than 
those of inadequate initial dilatation. It is possible 
that some of the “‘restenosis” that is identified from 
positive stress tests after angioplasty is in fact inade- 
quate initial dilatation. On the other hand, very early 
testing may not take into account possible 
"remoulding" of an artery after angioplasty, 
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especially when there has been intimal dissection. 
Pacing stress tests immediately after angioplasty 
have been used to assess the effects of the procedure 
on coronary flow?! and we have used pacing com- 
bined with echocardiography or digital ventricu- 
lography in a few selected cases to document a func- 
tional improvement immediately after angioplasty. 
The value of such an early stress test in predicting 
subsequent progress remains to be determined and 
this type of test is unlikely to be widely applied. An 
exercise test performed at 2-3 weeks would avoid 
most of the difficulties. 

When “primary” success is defined by angio- 
graphic criteria, “secondary” clinical success may be 
defined by symptomatic criteria which tend to be 
subjective, or by functional physiological criteria 
that take into account objective evidence of myo- 
cardial ischaemia, or by a combination of symptom- 
atic and physiological criteria. The more objective 
assessment is particularly important in patients with 
“silent ischaemia” and in patients with “atypical” 
chest pain in whom some of the symptoms may not 
be cardiac in origin. If such objective functional cri- 
teria are used it may not be necessary to achieve 
complete absence of ischaemia, since an acceptable 
degree of improvement may indicate success. What 
is acceptable may vary with the clinical situation, the 
age of the patient, and other factors, but normally 
would exclude a stress test that is so strongly positive 
that it could indicate the likelihood of subsequent 
cardiac events such as myocardial infarction or sud- 
den death.?? - ?* 

In patients with evolving acute myocardial 
infarction the clinical success of angioplasty should 
primarily be determined by the degree to which the 
damage done to the left ventricle is limited. This can 
be measured to some extent by evaluating by echo- 
cardiography or angiography the improvement in 
left ventricular function in the week or two after the 
infarction. Additionally, the degree to which sponta- 
neous or stress induced postinfarction angina can be 
reduced or eliminated may be an important part of 
the clinical assessment of the success of an angio- 
plasty procedure.?? 


Long term success 


'The long term success of an angioplasty procedure 
largely depends on the development of restenosis, 
which has been shown to occur in up to 35% of cases 
after a first procedure. This is a separate issue from 
primary success and initial clinical success. The rate 
of recurrence depends on several factors including 
the residual stenosis and the gradient at the end of 
the initial procedure, !? 2$ but it also depends on the 
criteria by which restenosis is judged. Purely angio- 
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graphic criteria such as stenosis of 250% at follow 
up angiography, ?$ or loss of 50% of the gain 
achieved at the initial angioplasty, !! 2$ or increase 
of stenosis by 230% of the luminal diameter 
achieved after angioplasty suffer form the draw- 
backs of not being directly related to the functional 
state of the patient or the functional importance of 
the individual stenosis and also from difficulties with 
accurately measuring the diameter stenosis. Ideally, 
the term restenosis should only be applied when 
there is objective evidence of ischaemia by stress 
testing or other means—as with the initial angio- 
plasty procedure. Analysis of important cardiac 
events such as myocardial infarction or bypass 
surgery may also be important in the assessment of 
long term results,?" particularly in multivessel dis- 
ease.? 11 1228 The completeness of revascularisation 
can have a considerable impact on follow up.? After 
single vessel angioplasty of the “culprit” or "target" 
lesion some patients can maintain a long term clinical 
improvement despite multiVessel disease and 
unstable angina.!? 

Coronary ertery bypass surgery is usually the main 
alternative treatment to angioplasty and one 
important criterion of early and long term success 
may be the avoidance of such an operation. If 
dilatation does not sufficiently improve symptoms or 
if significant objective evidence of ischaemia remains 
the patient will require bypass surgery and angio- 
plasty has clearly been a failure. On the other hand, 
if repeat angioplasty eliminates the symptoms and 
the objective evidence of ischaemia the initial pro- 
cedure might be regarded as a partial success since 
the procedure as a whole has produced the desired 
effect. This type of analysis of the value of per- 
cutaneous transluminal coronary angioplasty as 
compared with coronary bypass surgery may be par- 
ticularly important for multivessel disease.!! Until 
now there have been no valid randomised studies 
comparing angioplasty with bypass surgery, 
although such studies are clearly needed for an over- 
all assessment of the value of angioplasty. The 
results of the multicentre study currently being set 
up for multivessel disease by the National Institutes 
of Health are eagerly awaited. 
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Congestive cardiac failure: central role of the arterial 
blood pressure 
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SUMMARY A review of the history of our knowledge and understanding of the peripheral oedema 
of congestive cardiac failure points to the conclusion that an inability of the heart to maintain the 
arterial pressure is of central importance in this condition. Although the function of the circu- 
lation is to perfuse the tissues, the body monitors the adequacy of its perfusion, not through 
metabolic messengers carried from the tissues in the blood stream, but by sensing the arterial 
pressure; and the mechanisms evoked act to maintain the arterial pressure. In the short term this 
is achieved by autonomic regulation of the heart and blood vessels; in the longer term the arterial 
pressure is maintained through an increase in the blood volume by a retention of salt and water 
by the kidney. To support the latter process, intrinsic renal mechanisms are successively 
magnified by the renin—angiotensin—aldosterone system and by the activities of the sympathetic 
system and vasopressin. The natriuretic influence mediated through volume receptors and the 
release of atrial peptide is overruled by the arterial baroreceptors, so that the body maintains the 
arterial pressure at the expense of an increase in blood volume. 

In these ways the syndrome of congestive cardiac failure may be regarded as one which arises 
when the heart becomes chronically unable to maintain an appropriate arterial pressure without 


support. 


Early concepts of cardiac failure 


Hope was probably the first to put forward a unified 
concept of backward failure.’ It was a concept based 
on pathology as well as physiology. The over- 
worked ventricle first hypertophies and then dilates. 
As it dilates the blood gets dammed up behind it and 
an increased venous pressure is transmitted ulti- 
mately to the capillaries where oedema is formed. 
The concept of backward failure was widely 
accepted until the last decade of the nineteenth cen- 
tury. But, in 1896, Starling, in his Arris and Gale 
lecture, reported experiments on dogs in which he 
injected oil into the pericardial sac.* As the heart 
“failed” the pressure in the vena cava rose and that 
in the aorta fell. To decide whether this was accom- 
panied by engorgement of the capillaries he placed a 
plethysmograph round one limb. This showed 
unequivocally that the volume diminished at the 
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same time as the aortic pressure decreased and the 
vena caval pressure increased. 

Starling concluded that in failure, although the 
pressure in the great veins rose, the pressure in the 
capillaries fell. If that were so, the only explanation 
that he could see for the loss of liquid from the blood 
into the tissues was an increased permeability of the 
capillaries; and the reason for their increased perme- 
ability had to be a loss of nutrition due to poor per- 
fusion. “In heart disease the capillary pressure is not 
higher, but rather lower, than in a normal animal. 
The dropsy is entirely conditioned by the state of the 
capillary wall." 

This theory of forward failure was championed by 
Mackenzie: *"T'he blood passes through the capillar- 
ies at a slow rate, impairs their nutrition, and allows 
transudation to take place, which we call dropsy.” 
So strongly did the great physician feel on this sub- 
ject that there is an entry “Heart failure, back- 
pressure theory, evil of," in the third edition of his 
textbook. “These views are the outcome of the dis- 
covery of auscultation,”’ he writes, adding that in his 
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opinion that discovery had “so far done more harm 
than good.’ 

In the years that followed, attempts to investigate 
capillary permeability with dyes failed to demon- 
strate any increase during cardiac failure. Mea- 
surements of the protein composition of oedema liq- 
uid found that it was no different from normal 
interstitial liquid. And direct measurements of capil- 
lary pressure by the technique of Landis eventually 
showed that it was increased in cardiac failure.* The 
normal pressure in digital capillaries held at the level 
of the heart fell from about 35 mm Hg in the arte- 
riolar limb to about 12mm Hg in the venous limb. 
In patients with congestive cardiac failure the pres- 
sure in the venous capillary limb averaged around 
33mm Hg. 


The blood volume 


The argument went literally backwards and for- 
wards but by the second world war, when I became 
a medical student, backward failure was the stan- 
dard teaching in London. And yet, looking back on 
notes which I made at the time, it did not seem to be 
8 complete explanation. The circulation could be 
divided into two portions: the pulmonary and the 
systemic. Failure of one ventricle meant simply that 
blood was transferred from the portion in front of it 
to the portion behind it. The problem was that the 
volume of the systemic portion was ten times that of 
the pulmonary. In the case of the left ventricle, it 
was easy to imagine how blood transferred from the 
systemic portion could flood the pulmonary portion. 
But, when the right ventricle failed, the most that 
could be transferred into the systemic portion was 
the total volume of the pulmonary portion, esti- 
mated to be less than a pint. In no way could that 
account for the many pints of anasarca that, in those 
days, were removed by Southey's tubes. 

Oedema of the lungs was, therefore, a special case. 
It could occur rapidly and could be readily expla- 
ined on mechanical grounds. The problem was, and 
is, the slowly developing oedema of the rest of the 
body which is still generally referred to as right ven- 
tricular failure—this is the subject to which I shall 
address my comments during the remainder of this 
paper. 

Another problem, pondered over in my notes, was 
the total blood volume. “‘Plethoric’’, all the old clin- 
ical masters had said. But if either the backward or 
the forward theory were correct the blood volume 
should diminish. Evidence suggesting the opposite 
had been accumulating since the first world war? 
and was greatly supported by Wollheim's extensive 
measurements. 

Early in the second world war Isaac Starr pub- 
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lished the work that seemed to point in the right 
direction. He made a mechanical model which con- 
sisted of two pumps, designed to obey Starling's 
law, connected by. pulmonary and systemic circuits 
the volume and resistance of which could be 
adjusted." He found that when he made one or both 
of the pumps “fail” he could reproduce the hae- 
modynamic effects of cardiac failure only if he 
increased the circulating volume or diminished the 
circulatory capacity. From this he elaborated his 
theory of the "static" pressure in the circulation— 
the pressure which existed throughout the circu- 
lation when the pumps were stopped. Extending 
these ideas to man he found that the "static" pres- 
sure measured in newly dead corpses was much 
higher when there had been cardiac failure.® 

Starr's observations strongly supported the evi- 
dence that capillary pressure was raised in con- 
gestive failure. But at the same time they showed 
that the “‘static pressure" in a person without con- 
gestive failure was lower than the pressure in the 
venous limb of the capillaries, which lent support to 
Starling's conclusion that when the cardiac output 
was abruptly reduced the capillary pressure fell. 

Starling's conclusion also receives support from a 
commonplace observation. At the time of death the 
heart stops completely and yet tissue oedema does 
not occur in the succeeding hours even in the areas, 
for instance, round the eyes, where the tissue is lax 
and liable to accumulate liquid easily. This state of 
affairs is explained by a "static pressure" which is 
considerably lower than the colloid osmotic pressure 
of the plasma. 

So Starling was probably right in believing that 
the capillary pressure fell in his dogs. His mistake 
was to transfer this observation to patients with car- 
diac failure. “The dogs deceived him”, as East said 
of Lewis's work on bundle branch block. 


The cardiac output 


In the history of cardiology the period of the second 
world war is notable, above all, for the introduction 
by Cournand and Richards of the technique of car- 
diac catheterisation; this made immediately available 
the measurement of the cardiac output more accu- 
rately and securely than had previously been possi- 
ble. Many carly studies showed the cardiac output to 
be reduced in congestive cardiac failure, which 
would have pleased both the backward and the for- 
ward failure theorists. But shortly after came the 
discovery of a group of conditions that clinically 
appeared to be associated with congestive cardiac 
failure but in which the cardiac output was 
increased. The causes of this “high output failure" 
included anaemia, thyrotoxicosis, Paget's disease of 


192 


bone, arteriovenous fistulas, cor pulmonale, and 
beriberi. 

Here was near disaster for the backward failure 
theorists and a serious dilemma for the forward fail- 
ure theorists. If failure was caused by a diminished 
supply of blood to the body how could the same syn- 
drome occur with a greatly increased blood supply? 
The answer was the definition which, with small 
changes in wording, appears today in every text 
book of cardiology: ‘‘a state in which the heart fails 
to maintain an adequate circulation for the needs of 
the body ...”° 


Peripheral metabolism 


What was left undefined was the nature of the needs 
of the body. What was this mysterious metabolic 
requirement, the lack of which led to oedema? 

Fuels for cells consist of oxygen, glucose, and 
fatty acids. Calculations of the turnover rate of these 
three fuels in the blood show that the turnover rate 
of oxygen is five or six times as high as that of the 
other two. Glucose and fatty acids enter the blood 
through local streams which subsequently join the 
main flow. Only for oxygen is the point of entry 
dependent on the total cardiac output. The most 
critical need of the body referred to in the definition 
must, therefore, be the need for oxygen. 

But if in patients without metabolic disturbances 
the circulation becomes inadequate to supply the 
needs of the body it follows that the oxygen uptake is 
diminished. Yet the early studies using the Fick 
principle had clearly shown that this was not so.!? 


The law of the heart 


History is not one main road and we shall leave the 
blind alley into which much of the world of cardiol- 
ogy still finds itself and retrace our steps back to 
1915—the year of the law of the heart. **... The 
mechanical energy set free on passage from the rest- 
ing to the contracted state depends ... on the length 
of the muscle fibre. This simple formula serves to 
‘explain’ the whole behaviour of the isolated mam- 
malian heart.”!! The simplicity of the law aided by 
the sheer arrogance of its title gave it an immediate 
authority. It was widely welcomed by the backward 
failure supporters although, as we have seen, Star- 
ling himself was firmly committed to forward fail- 
ure. Note how Starling limited it to the isolated 
heart. This important and severe limitation has been 
widely disregarded. 

The law takes no account of the processes of 
hypertrophy and dilatation which are so important 
in clinical disease. It ignores, also, the important role 
played by the autonomic system. As Hamilton and 
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Richards were later to point out, "Without the coor- 
dinating stimulus of the central nervous system and 
the hormonal control governed by this system, the 
truly isolated heart seems to vary its pumping func- 
tion between that of a heart in a normal resting ani- 
mal and that of a heart in an animal moribund in the 
last stages of shock.’’!? 


The autonomic nervous system 


The influence of the autonomic nervous system on 
the heart was, of course, known to Starling, and 
much of our present understanding of it dates from 
the nineteenth century. However, it took a sur- 
prisingly leng time before the relation between Star- 
ling's law and sympathetic drive was elucidated. 
'This was the contribution of Sarnoff and Berglund 
who showed that a heart could develop a whole fam- 
ily of Starling's curves depending on the degree of 
sympathetic stimulation. +’ 

An entirely new step forward was taken by Chid- 
sey, working in Braunwald’s laboratory. He showed 
that the concentration of noradrenaline in the 
plasma increased much more in patients with con- 
gestive failure during exercise than it did in normal 
people.!* The daily excretion of noradrenaline in the 
urine was also increased in these patients. '$ 

The influence of the sympathetic system extended 
not only to the heart but throughout the vascular 
system. At about this time Donald, Wade, and 
Bishop were studying the redistribution of blood 
flow to various regions of the body in cardiac 
patients.!$ They showed that the redistribution of 
flow in patients with cardiac failure was similar to 
the redistribution seen during physical exercise in 
normal people. It comprised a reduction in blood 
flow to the kidneys, gut, and skin, with preservation 
of flow to the myocardium and skeletal muscle. The 
vasoconstrictor influence of the sympathetic system 
on the renal circulation is especially important. In 
heart failure the increased sympathetic activity 
causes the renal blood flow to decrease dis- 
proportionately to the cardiac output. 


Control of the cardiovascular system by the 
central nervous system 


In 1870 Dittmar, working in the laboratories of the 
self-effacing Carl Ludwig, found that the increase in 
blood pressure caused by stimulation of the sciatic 
nerve was retained in animals with pontine transec- 
tion but abolished when the medulla was 
destroyed.'? Owsjannikow, from the same labora- 
tory, studied successive transections of the brain 
stem and discovered that the blood pressure began 
to fall at the caudal border of the inferior colliculi 
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and reached the low pressure of a spinal animal with 
transections below the obex.!® Dittmar's further 
studies located the region responsible for mainte- 
nance of the blood pressure in the ventral region of 
the lateral reticular formation.!? 

Later researches have shown a widespread 
involvement of the reticular formation of the brain 
stem in the coordination and modulation of cardio- 
vascular responses, and this led to the general view 
that vasomotor control was diffusely mediated rather 
than located in a specific area. Recent findings have, 
however, indicated a specific and important role of a 
region in the ventrolateral medulla—the site first 
proposed by Dittmar over a hundred years ago. The 
first clue came from observations that the applica- 
tion of a cold probe?? or pharmacological agents?! 2? 
to a specific area of the ventrolateral surface of the 
medulla could cause a precipitous fall in blood pres- 
sure. These observations suggested the existence of 
a minute localised vasomotor region lying very close 
to the surface of the medulla. Subsequent studies 
have identified it as the rostral portion of the ventro- 
lateral reticular nucleus, corresponding to a group of 
adrenaline-synthesising cells usually referred to as 
C1 neurones.?? Neurones of the C1 area project to 
the autonomic neurones of the intermediolateral col- 
umn of the spinal cord.?^ Electrical or chemical 
stimulation of the C1 area leads to an increase in 
arterial pressure and heart rate and increased con- 
centrations of catecholamines and vasopressin in the 
plasma.?5 Electrolytic lesions of the area cause a fall 
in arterial pressure to levels similar to those of a 
spinal preparation.?9 The caudal portion of the ven- 
trolateral reticular nucleus consists of cells which 
contain noradrenaline (Al area). They project to 
more rostral cardiovascular regions, including the 
Cl area and have a depressant effect on the blood 
pressure.?? 78 

At the beginning of this century, afferent fibres 
travelling in the vagus and glossopharyngeal nerves 
were traced to the nucleus tractus solitarius.? In 
1932 Bronk and Stella demonstrated the existence of 
the baroreceptors which sense the stretch of the arch 
of the aorta and the carotid sinus caused by the arte- 
rial blood pressure. The afferent baroreceptor 
impulses end in the nucleus tractus solitarius from 
which controlling relays pass to the C1 area of the 
ventrolateral medulla to inhibit its tonic discharge to 
the preganglionic sympathetic neurones of the inter- 
mediolateral column of the spinal cord. At the same 
time relays pass from the nucleus tractus solitarius 
to the nucleus ambiguus and the dorsal nucleus of 
the vagus from which parasympathetic influences 
are projected through the vagus nerve. In this way, 
an increased arterial pressure reflexly diminishes 
cardiovascular sympathetic tone and, at the same 
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time, stimulates parasympathetic activity to slow the 
heart. 

Similar stretch receptors, the “cardiopulmonary 
volume receptors’’, give rise to afferent discharges 
which also travel through the vagus to the nucleus 
tractus solitarius. These are stimulated by dis- 
tension of the atrium and other low pressure regions 
and act to inhibit the sympathetic outflow from the 
medulla. 

Control of the heart rate, cardiac output, and 
blood pressure is mediated also by regions of the 
mid-brain, hypothalamus, and cerebral cortex, some 
of which have been described together by Hilton 
as organising the “defence reaction"?! This 
physiological response is made up of an increased 
arterial pressure with an increased cardiac output, 
vasoconstriction in the gut, skin, and kidney, and 
vasodilatation in skeletal muscle. 


Neuroendocrine mechanisms 


The relation between the hypothalamus and the 
pituitary is central to the neuroendocrine control of 
the body. The posterior pituitary is an extension of 
the brain into which magnocellular neurones from 
the paraventricular and supraoptic nuclei descend, 
carrying oxytocin and vasopressin. Vasopressin has 
both antidiuretic and vasoconstrictive properties, 
although the effects of the latter on the arterial pres- 
sure are normally concealed by the action of the bar- 
oreceptors. In addition to its magnocellular popu- 
lation, the paraventricular region of the 
hypothalamus contains many parvocellular neu- 
rones. Some of these project to the median 
eminence*? and are presumably concerned with the 
neural control of anterior pituitary hormone secre- 
tion through the hypophysial long portal system. 
Other parvocellular neurones of the paraventricular 
nucleus project to the nucleus tractus solitarius, the 
ventrolateral medulla, and directly to the inter- 
mediolateral column of the spinal cord.?* ^ 35 There 
are reciprocal connections between the para- 
ventricular nucleus and the nucleus tractus solitarius 
and Al area? and, through these, the para- 
ventricular nucleus may modulate the baroreceptor 
arc. 

Many peptides are synthesised within the central 
nervous system. Several of them, including angio- 
tensin II, vasopressin, neurotensin, calcitonin gene- 
related peptide, and neuropeptide Y, have powerful 
vasomotor effects elsewhere in the body, but their 
function in the brain is largely unknown. The blood- 
brain barrier is, in general, impervious to peptide 
molecules in the plasma, but, in certain small areas 
of the ventricular system, the capillary endothelial 
cells are fenestrated. These “circumventricular” 
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organs may, therefore, be a pathway through which 
plasma peptides, such as angiotensin II and vaso- 
pressin, can influence the central nervous system. 

In addition to the influence of the hypothalamus 
on the release of anterior and posterior pituitary hor- 
mones the central nervous system exercises a control 
over the release of renin from the kidney (either 
directly through f receptors in the afferent arteriole 
or indirectly through renal arterial vasoconstriction) 
and over the release of adrenaline and noradrenaline 
from the adrenal medulla. 


Modifications of the autonomic nervous 
system 


Evidence has been put forward that the baroreceptor 
response is diminished in patients with heart fail- 
ure.735 A similar apparent diminution in bar- 
oreceptor response has been reported in normal peo- 
ple during exercise.?? ^? In both cases it seems likely 
that this is an expression of a new setting of the 
medullary centres which diminish vagal outflow at 
the same time as they increase sympathetic outflow. 

Changes in the autonomic system also occur in the 
heart itself. There is a diminished response of 
afferent nerve fibres to stretch in the atrium*! which 
may be due to an increased rigidity of the atrial wall 
or changes in the structure of the afferent endings.*? 
A notable change in the myocardium is a profound 
decrease in the content of noradrenaline.*?~*> Its 
cause has been debated (see Rupp and Jacob*® for 
review). In our experiments (unpublished data) the 
diminution in content has been specifically associ- 
ated with failure. In the presence of ventricular 
hypertrophy without failure the content of nor- 
adrenaline has remained unchanged while its con- 
centration has decreased simply because the volume 
of myocytes has increased. The response of the ven- 
tricle to postganglionic sympathetic nerve stimu- 
lation has been found to be reduced in dogs with 
cardiac failure.*" This may in part be due to the 
diminished stores of noradrenaline but there is also 
evidence that there is a decrease in the density of 
f adrenergic receptors in the myocardium.*® 


The kidneys 


Soon after Starr's observations on "static pressure" 
Warren and Stead followed the course of events in 
patients with heart failure whose cardiac treatment 
had been stopped.*? They found that the body 
weight and plasma volume started to increase before 
they could detect any increase in venous pressure. 
By now it was clear that the formation of oedema and 
the expansion of the plasma volume implied an 
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increase in the volume of the extracellular space. It is 
remarkable how long it took for this simple fact, so 
obvious to anyone who had seen the patients bloated 
with oedema, to become formally part of the concept 
of failure. 

Now, therefore, attention swung to the kidney. 
The scanty concentrated urine had been known 
since the time of Hippocrates and the routine testing 
for “chlorides” in the urine with silver nitrate had 
long been used to teach students that chloride was 
being retained. Merrill showed that the retention of 
sodium in the urine was associated with a striking 
diminution in the renal blood flow.*° “Evidence of 
‘forward failure’ as primary cause of edema" is the 
subtitle of the paper. But now “forward failure” 
refers to the kidneys not to vascular endothelium. 

At first it was thought that a simple decrease in 
glomerular filtration rate in the presence of normal 
tubular reabsorption was sufficient to account for 
the retention of sodium?! but more a careful mathe- 
matical analysis showed that there was a mysterious 
increase in tubular reabsorption.5? 53 

In fact, the decrease in glomerular filtration was 
less than the decrease in renal blood flow and was 
not obvious until cardiac failure became clinically 
severe.?? In dogs with constriction of the thoracic 
inferior vena cava, glomerular filtration was actually 
increased in the presence of severe sodium reten- 
tion.** This was unlike what was known to happen 
when perfusion diminished in the isolated kidney.55 
Here, renal blood flow and glomerular filtration 
were both maintained as the perfusion pressure was 
reduced from 180 to 80mm Hg while below that 
pressure glomerular filtration fell more precipitously 
than renal blood flow so that the filtration fraction 
decreased. The high filtration fraction of cardiac 
failure implied that the post-glomerular vascular 
resistance was increased disproportionately to the 
pre-glomerular resistance. Barger suggested that 
this would lead to an increased colloid osmotic pres- 
sure in the peritubular capillaries which would pro- 
mote tubular reabsorption of salt and water.59 This 
mechanism (originally conceived by Carl Ludwig?) 
did not receive immediate acceptance; but sub- 
sequent work has led to the view that it is an 
important factor regulating reabsorption from the 
proximal tubule and there is evidence that it func- 
tions in this way in congestive cardiac failure.*® 5? 

There is in addition abundant evidence of 
enhanced distal reabsorption of sodium both in high 
output failure? 5! and in low output failure.®?~ 64 
This is the region where aldosterone and, probably, 
atrial natriuretic factor exert their effects. 


Renin-angiotensin-aldosterone 


The first clue to the importance of aldosterone in 
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cardiac failure was found by Singer and Werner who 
observed that the urine of patients with failure con- 
tained a sodium-retaining substance.°> This was 
soon identified as aldosterone.$$ Evidence of an 
increased secretion of aldosterone into the blood 
grew both in patients and in experimental animals.7 
When one adrenal was removed and the other trans- 
planted to the neck the response of aldosterone to 
constriction of the thoracic inferior vena cava was 
normal.®® Crossed circulation of blood from a dog 
with a constricted vena cava to a normal dog caused 
an increased secretion of aldosterone.5? These stud- 
ies showed that the stimulus to the secretion of 
aldosterone was humoral. Further studies with 
nephrectomy and the injection of renal extracts 
showed that the agent came from the kidney, and it 
was only a short step to identify it as renin and the 
immediate humoral agent as angiotensin II.7? In 
fact Merrill and his colleagues had already reported 
an increased concentration of renin in renal venous 
blood of patients in cardiac failure in 1946, but its 
significance had gone unrecognised. 

The increased release of renin during renal 
ischaemia had been known since Goldblatt et al’s 
original observations." Now this mechanism could 
be seen to be operating in cardiac failure. However, 
although the renal blood flow was known to be 
decreased in cardiac failure, the control of the 
release of renin from the juxtaglomerular cells was 
found to depend on the mean arterial perfusion pres- 
sure rather than on blood flow.’? This supported 
Tobian et aPs theory that the release of renin was 
directly regulated by the degree of stretch of the 
walls of the afferent glomerular arterioles’*; sub- 
sequent work has confirmed this mechanism. In 
addition, changes in the concentration of sodium 
chloride ions in the region of the macula densa affect 
the rate of release of renin. This mechanism under- 
lies the effects of a dietary restriction of salt and of 
diuretics which act by inhibiting the reabsorption of 
chloride in the ascending limb of the loop of Henle. 
The direct effects of perfusion pressure, however, 
can be shown to operate when the macula is 
excluded.’”* 

The relation between renal arterial pressure and 
plasma renin activity shows that little renin is 
released as the mean renal arterial pressure falls 
from 100 to 85mm Hg.?? Thereafter the increase in 
plasma renin activity increases linearly down to 
pressures of 50 mm Hg. This implies that the intrin- 
sic afferent arteriolar stretch receptor system is, by 
itself, relatively unresponsive to a small fall in arte- 
rial pressure. The responsiveness of the system is, 
however, greatly increased by adrenergic stimuli, 
which act by increasing the threshold for renin 
release"? so that a small decrease in arterial pressure 
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can evoke a substantial release of renin. Both stimu- 
lation of renal sympathetic nerves and bloodborne 
adrenergic agents are effective and act through 
B receptors. 

Electrical stimulation of the dorsolateral pons?? 
and the lateral hypothalamus’’ evoke renin release 
that can be prevented by denervation of the kidneys. 
The afferent limb of the reflex arises from the arte- 
rial baroreceptors and the cardiopulmonary “‘vol- 
ume" receptors described above.7? The two systems 
may be shown to conflict under experimental 
conditions? and, as discussed later, presumably do 
so in cardiac failure. 

The operation of the sympathetic system is not 
necessary for the release of renin by the kidney in 
response to a decreased perfusing pressure but renin 
release is greatly enhanced by sympathetic stimu- 
lation. Thus the reflex control of the release of renin 
seems to be particularly important when arterial 
pressure changes slightly with physiological condi- 
tions such as posture? and exercise.?! Even psycho- 
logical stimuli have been found to increase plasma 
renin activity.®? Careful early studies had shown 
that the sympathetic system, the baroreceptors, and 
volume receptors and even the brain were not neces- 
sary to the renin-aldosterone response during con- 
striction of the thoracic inferior vena cava in ani- 
mals.5? This gave rise to the view that the nervous 
system was not a factor. But something which is not 
necessary may still be used, and the present evidence 
suggests that the nervous system has an important 
role in human disease in which the initial degrees of 
cardiac disability are likely to be less severe. 

In addition to stimulating the secretion of 
aldosterone, angiotensin II has other important 
properties in cardiac failure; it is a powerful vaso- 
constrictor, it enhances adrenergic neuroeffector 
transmission, and it is concerned with the sensation 
of thirst. Its constrictor properties are important in 
maintaining the arterial pressure and may be the 
cause of the particular increase in post-glomerular 
vascular resistance.?? 

Early measurements of both aldosterone and renin 
activity in the plasma were confusing. It seemed that 
both were increased in some patients but were nor- 
mal in others. The explanation came from the 
experiments on dogs carried out by Watkins et al.** 
They showed that after constriction of the pul- 
monary artery or inferior vena cava "the initial 
response was a reduction in blood pressure, a rise in 
plasma renin activity, plasma aldosterone, and water 
intake, and nearly complete sodium retention. In the 
days after moderate constriction plasma volume and 
body weight increased (with development of ascites 
and oedema); blood pressure, sodium excretion, 
plasma renin activity, and plasma aldosterone 


196 


returned to normal. In animals in which blood pres- 
sure was not restored, plasma renin activity and 
plasma aldosterone remained elevated throughout 
the period of constriction.” 

This view of the endocrine response as something 
which might be transient, rather than sustained, was 
an important step forward. The renin-angiotensin- 
aldosterone system nds both in low output and 
in high output failure®* and the considerable num- 
ber of reports on the beneficial effects of converting 
enzyme inhibitors testifies to the great importance of 
this system in clinical cardiac failure. 


Arginine vasopressin 


Early studies showed that the urine of patients with 
cardiac failure contained an antidiuretic 
substance! 87 but it was some years before anal- 
ytical techniques were adequate to show that plasma 
vasopressin concentration was increased.®® This 
finding was consistent with the highly concentrated 
urine passed in cardiac failure, and the studies of 
Anderson et al showed the role of vasopressin and 
the mechanism through which its release is stimu- 
lated.®? Their experiments were carried out on dogs 
subjected to acute obstruction of the thoracic infe- 
rior vena cava. If the renal arterial pressure was held 
constant there was a fall in cardiac output and aortic 
pressure, a fivefold increase in urinary osmolality, 
and a dramatic reduction in free water clearance. 
Hypophysectomy greatly attenuated the response of 
urinary osmolality and free water clearance if renal 
arterial pressure was held constant but, if renal arte- 
rial pressure was allowed to fall, there was a consid- 
erable decrease in free water clearance. From this it 
could be concluded that the increase in urinary 
osmolality was due almost entirely to vasopressin, 
while the decreased free water clearance was also 
partly determined by a diminished delivery to the 
distal nephron. Constriction of the inferior vena 
cava had no effect on urinary osmolality or free water 
clearance in dogs that had intact hypophyses but 
denervation of the baroreceptors. This indicated 
that the release of vasopressin during vena caval 
constriction was stimulated by a reduction in 
afferent baroreceptor impulses. 

Constriction of the inferior vena cava, however, is 
unlike intrinsic failure of the heart in that the pres- 
sures affecting the low-pressure “‘volume”’ receptors 
are diminished.?^ The studies of Anderson er al?’ 
therefore suggest that in patients with cardiac dis- 
ease the stimulatory effect of a low arterial pressure 
on the release of vasopressin overrides the inhibitory 
effect of atrial distension. Such a predominance of 
arterial baroreceptors over atrial stretch receptors 
appears to be normal in primates.?9?! It is unlikely 
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that the increased release of vasopressin in con- 
gestive failure is mediated through osmoreceptors 
since the plasma osmolality is generally decreased 
rather than increased. 


Atrial natriuretic peptide 


Early electron microscopical studies had shown the 
presence of specific granules in atrial myocytes, but 
their function was not suspected until de Bold 
showed that the numbers of granules varied with 
changes in water and electrolyte balance.?? Two 
years later he showed that atrial extracts had a 
natriuretic effect.?? 

The active principle has now been identified as a 
polypeptide and its amino acid sequence has been 
determined.?*?5 In the atrium it appears to be 
formed from the cleavage of a larger precursor mole- 
cule.°® Atrial natriuretic peptide is released in 
response to a high atrial pressure?" and the plasma 
concentration of the peptide has been found to be 
increased in patients with congestive cardiac 
failure.?9 

The natriuretic effect appears to be located in the 
distal tubules and collecting ducts.?? In the whole 
animal the effects of the peptide may be partly medi- 
ated through an inhibition of the secretion of 
aldosterone and of the release of renin. In addition to 
its effects on the kidney, atrial natriuretic peptide 
has been shown to be a vasodilator. +°° 

Distention of the atrium causes a release of 
natriuretic peptide and at the same time stimulates 
nerve receptors that lead to an inhibition of sym- 
pathetic activity and a diminished release of renin. 
The two mechanisms, therefore, act together to 
lower systemic vascular resistance and increase the 
excretion of sodium. But, clearly, the natriuretic and 
vasodilator effects of the peptide in patients with 
cardiac oedema are quite outweighed by the sodium 
retention and vasoconstriction caused by sym- 
pathetic stimulation and activation of the renin- 
angiotensin-aldosterone system. It follows also that 
the stimulation of the sympathetic-renin-angio- 
tensin-aldosterone system by the low arterial pres- 
sure outweighs its inhibition by cardiopulmonary 
volume receptors. 


Retention of saline is harmful 


It may be supposed that the body reacts to a failing 
heart in a manner which will be beneficial. For 
instance, the retention of water by the kidneys may 
be seen as a way of increasing the filling of the heart 
and, thereby, its output. And yet diuretics are 
probably the most efficacious treatment we have. 
Vasoconstriction should maintain the blood pres- 
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sure and preserve flow to vital organs. Yet vaso- 
dilators are now widely used to treat cardiac failure. 
Similarly it might be argued that angiotensin II and 
aldosterone are beneficial; yet captopril and 
spironolactone are found to be helpful. 

It seems that every time we thwart nature’s 
intentions, the patient improves. The explanation of 
this paradox is that the processes which are evoked 
during cardiac failure originally evolved for some 
quite different purpose. !?! 

Cardiac failure is a rare event. So exotic a condi- 
tion would not have any perceptible effect on the 
survival of the species. The powerful mechanisms 
that we find in cardiac failure are more likely to have 
evolved to deal with circumstances vital to everyday 
preservation. Of these circumstances the two most 
obvious are physical exercise and trauma. 

Unpublished studies carried out with colleagues 
at the University of Brescia have shown that during 
exercise plasma concentrations of several hormones 
increase in a sequential fashion: noradrenaline and 
adrenaline, vasopressin, and atrial natriuretic pep- 
tide, followed by renin activity and aldosterone. 
Measurements on patients with untreated myo- 
cardial infarction also showed an increase in all these 
factors. 

'The neuroendocrine-renal response in both these 
conditions is, therefore, similar to the response in 
congestive cardiac failure. 'T'he important difference 
is in the length of time over which the stimulus is 
maintained—minutes or hours for exercise, hours or 
days for shock, weeks or months or years for cardiac 
failure. The mechanisms that may be necessary for 
exercise or for survival in injury are harmful when 
maintained over prolonged periods because they 
lead to the retention of saline in the body. For the 
reason why the excessive retention of saline is harm- 
ful we have to go back far into evolutionary history 
to the emergence of air-breathing animals’! since it 
is the air-breathing lung that is so susceptible to 


flooding. 
Cardio-neuro-endocrine links 


Apart from the complicating presence of pain, the 
condition of acute myocardial infarction is a highly 
appropriate model of the immediate neuro-humoral 
response of the body to a suddenly diminished 
pumping capacity of the heart. Already there is evi- 
dence of both increased sympathetic activity and its 
associated endocrine response. 

We have already discussed the links between a 
stimulation of the sympathetic system and the endo- 
crine response. But what is the link between a 
diminished cardiac output and the stimulation of the 
sympathetic system? 
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There appear to be two main possibilities: meta- 
bolic and mechanical. First, the low cardiac output 
may lead to underperfusion of the tissues that release 
some intermediary substance into the blood stream. 
Second, the purely mechanical effects of a low car- 
diac output may give rise to the requisite afferent 
impulses. 

Is there ischaemia of the tissues in cardiac failure? 
We can say, as noted above, that the oxygen uptake 
of the body is undiminished at rest in congestive fail- 
ure; but the oxygen content of the mixed venous 
blood is abnormally low so that, in general, the tis- 
sues must be functioning at a lower Po2 than nor- 
mal. Nevertheless, the blood lactate in such patients 
is normal at rest!°? and we can, therefore, conclude 
that, at rest, the supply of oxygen is not rate-limiting 
for ATP synthesis in the body as a whole. - 

On the other hand, the concentration of lactate in 
the blood increases to a greater extent than normal 
during exercise in cardiac patients.!°? This may, in 
part, be due to the glycolytic action of cate- 
cholamines (whose presence in excess during exer- 
cise of patients with cardiac failure has already been 
discussed) and in part to an inadequate supply of 
oxygen. In the latter case, it might be reasonable to 
suppose that a metabolic messenger was released 
into the blood stream and stimulated either the heart 
or the central nervous system at some distant point. 

Experimental evidence, however, is entirely 
against such a hypothesis. First, the increase in heart 
rate occurs within a cardiac cycle,’ an interval 
much shorter than the circulatory time required for 
the messenger. Second, substantially the same 
increase in heart rate and arterial pressure occurs in 
normal subjects whether or not the exercising limb 
is rendered ischaemic. 10°47 1°° 

There are, however, two organs in which a reduc- 
tion in blood flow may have a specific effect—the 
kidney and the brain. A decrease in renal perfusion 
pressure associated with a reduced cardiac output 
may itself stimulate the release of renin and favour 
the retention of saline by the kidney. The reducnon 
of renal blood flow in cardiac failure is, however, 
proportionally greater than the reduction in cardiac 
output.! This is an indication of the importance of 
the increased sympathetic activity which magnifies 
the release of renin, as discussed above. A further, 
and little considered, result of a reduced renal blood 
flow may be an increased production of erythro- 
poietin, since there is an increase in total red cell 
volume as well as plasma volume in cardiac 
failure.!9? 

The vasopressor effects of severe ischaemia of the 
brain stem have been known since the last century. 
These effects have been shown to be mediated 
through the rostral ventrolateral medulla; lesions in 
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this area abolish the effects.1°® Cerebral blood flow 
tends to be protected in cardiac failure! and brain 
stem ischaemia has to be severe to have vasopressor 
effects, so that the operation of this mechanism in 
cardiac failure remains uncertain. 

In the original experiments of Alam and 
Smirk!?^!95 discussed above, both the heart rate 
and the arterial pressure remained raised after exer- 
cise so long as the cuff stopping blood flow was 
inflated. Subsequent investigators have confirmed 
this observation with regard to the blood pressure 
but not always with regard to the heart rate.!?? Alam 
and Smirk suggested that the afferent impulses arose 
from stimulation by some metabolite released from 
exercising muscle fibres. Subsequent investigations 
have pointed to potassium ions as the likely local 
mediator.!! 

The existence of a reflex mechanism arising from 
exercising muscles was shown directly in cats by 
Coote et al.!!! Stimulation of the ventral root caus- 
ing tetanic contractions of the hind limb was accom- 
panied by an increase in the heart rate and arterial 
pressure. The cardiovascular response was not 
affected by dividing nerves to neighbouring joints or 
skin but was abolished by neuromuscular blockade 
or by cutting the dorsal roots. The afferent impulses 
travel through small, slowly conducting fibres with 
free nerve gee 109112 Some of these afferent 
fibres relay dire to the nucleus tractus 
solitarius!!? and may, Ad be responsible for 
the re-setting of the baroreflex arc which allows a 
moderate increase in arterial pressure during exer- 
cise. It will be remembered that Dittmar's experi- 
ments showed that the hypertension caused by stim- 
ulation of the sciatic nerve was retained despite 
transection at the level of the pons.!? In addition to 


Such clear cut evidence of a cardiovascular influence 


of muscle afferents, there is evidence, albeit less 
strong, that influences from the cerebral cortex also 
have a role.!9? 

The experiments of Alam and Smirk!?5 and oth- 
ers, quoted above, not only demonstrate the exis- 
tence of a cardiovascular reflex from exercising mus- 
cle but also show that this reflex is unaffected by 
ischaemia of the muscle. There is, therefore, no rea- 
son to believe that the increased sympathetic 
response to exercise in cardiac patients is caused by 
an increased afferent input to the medullary centres. 
Cortical and other higher influences may be oper- 
ating in evoking the defense reaction in these dis- 
tressed patients. Similarly more general somato- 
sensory afferents (for instance associated with 
dyspnoea or exhaustion) may have a direct influence 
on the reticular formation of the brain stem.!!4 115 
Both these latter influences may act to re-set the cen- 
tral baroreflex mechanism, both during exercise and 
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at rest. 

By far the most obvious way, however, in which a 
reduced cardiac output will magnify the sympathetic 
outflow, during rest and exercise, is through the vas- 
cular stretch receptors. And, here, the influence of 
the arterial baroreceptors must dominate, since the 
distension af the cardiopulmonary portion of the 
circulation will inhibit, rather than stimulate, the 
sympathetic outflow. 


A condition in which the cardiac output is 
inadequate to maintain the arterial pressure: 


All these different lines of argument converge on the 
conclusion that control of the arterial pressure is the 
key link in the process of congestive cardiac failure. 
Present day opinion follows the view that in cardiac 
failure the cardiac output is insufficient for the meta- 
bolic needs of the body. But the needs of the body 
are, as we have seen, being met. Neither is there any © 
evidence that the disturbances in energy pathways 
which may be required,to maintain these needs lead 
to some blood borne messenger or to any increase in 
the afferent input from the limbs to the central 
nervous system. 

Of course, the purpose of the circulation must be 
to provide perfusion to the tissues. But the body 
assesses the adequacy of the circulation by sensing 
the arterial pressure and not through metabolic mes- 
sengers from the tissues. The arterial pressure is 
sensed by the juxtaglomerular cells and by the bar- 
oreceptors, and the sympathetic outflow which 
results from a reduction of baroreceptor input 
magnifies the response of the juxtaglomerular cells. 

In this way, also, the mechanism of high output 
failure becomes apparent. All such patients have an 
abnormally low systemic vascular resistance either 
from vasodilatation or from arteriovenous shunts. 
Vasodilatation might be supposed to lead to oedema 
because the pressure at the arterial end of the capil- 
lary may be increased. 'This may well be a factor in 
some instances, but it cannot apply to the patients 
with arteriovenous communications. The common 
factor is the tendency to low blood pressure. Closure 
of an arteriovenous fistula causes an increased blood 
pressure and a prompt natriuresis.!!ó The difference 
between high output and low output failure is the 
difference in the ability of the heart to respond to the 
increased sympathetic drive. 

Oedema is commonly associated with vasodilator 
treatment and may also be explained in this way. 
The oedema of cor pulmonale is always associated 
with the retention of carbon dioxide, which is a 
powerful vasodilator. In addition, a raised Pco, in 
the cerebral circulation specifically stimulates the 
vasornotor sympathetic outflow. 


Congestive cardiac failure: central role of the arterial blood pressure 


Hypertension and cardiac failure: common 
ground 


Scientific and clinical specialisation alike have led to 
a world wide separation between those whose inter- 
est is primarily the blood pressure and those whose 
interest is primarily the heart: different societies, 
different journals. What is astounding is that exactly 
the same neurohumoral mechanisms are being stud- 
ied independently by both groups. One group 
believes that these mechanisms are important in the 
control of the blood pressure; the other that they are 
important in cardiac failure. This paradox seems to 
have gone unremarked but is at once understandable 
if control of the blood pressure is the determining 
factor in cardiac failure. 


Arterial pressure, cardiac output, and 
exercise 


A look back over evolutionary history shows that the 
arterial pressure and the cardiac output took a sud- 
den jump together when the warm-blooded animals 
emerged.1?! With a high cardiac output and a supe- 
rior air-breathing respiratory apparatus the mam- 
mals and birds were able to make full use of the 
energy available from oxidation in their red muscles. 
In this way they have developed the surpassing 
capacity for physical activity which has been a main 
origin of their success. For this purpose the circu- 
lation has to provide for a sudden massive increase in 
blood supply to the exercising muscles. This is 
achieved by a great capacity for an increased output 
and by vasodilatation in the exercising muscle and 
vasoconstriction in other regions. 

I bave argued elsewhere that it is these require- 
ments of physical exercise which have necessitated 
the extraordinarily high arterial pressure of the 
mammals and birds.!?! The combination of a high 
resting arterial pressure, together with an immense 
capacity for vasodilatation in skeletal muscle, allows 
a sudden massive increase in cardiac output with 
only a moderate increase in left ventricular emptying 
pressure. Thus the links between the cardiac output 
and the arterial pressure are archetypal and have 
their origins in the requirements for physical 
activity. 

It may not, therefore, be surprising that the effects 
of physical exercise are specifically important in 
patients with a limited cardiac output. The ther- 
apeutic effect of rest in such patients was well known 
to our predecessors but has largely been forgotten by 
a generation obsessed with the cult of physical 
fitness. Physical exercise, as we have seen, evokes the 
same neuroendocrine response as is found in cardiac 
failure and, as judged by the concentration of plasma 
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noradrenaline, the response‘to physical exercise is 
especially increased in cardiac patients. 

During exercise, as discussed above, afferents 
from the exercising limbs and, probably, commands 
from higher centres re-set the medullary cardio- 
vascular control system to permit an increased heart 
rate and arterial pressure. The diseased heart is 
unable to increase its output to the normal extent in 
response to autonomic control. During exercise, 
therefore, it is unable to increase the arterial pres- 
sure to the extent demanded by the medullary con- 
trol system. The massive and largely locally medi- 
ated vasodilatation in the exercising muscles may 
even lead to a fall in arterial pressure. In the absence 
of an adequate modulatory baroreceptor input, the 
inhibitory influence of the nucleus tractus solitarius 
on the vasomotor elements of the reticular formation 
and perhaps specifically the Cl area may be pre- 
sumed to be diminished so that the outflow to the 
preganglionic sympathetic neurones of the inter- 
mediolateral column of the spinal cord is increased. 

The neuroendocrine response in congestive fail- 
ure may well, therefore, be intermittent, according 
to the state of physical activity of the patient. This 
would in part explain why isolated blood samples 
may fail to show abnormal concentrations of 
hormones and why a chronic re-setting of the 
baroreceptor arc does not seem to occur. 

Finally, it will be noted that all the changes in the 
peripheral autonomic system, reviewed above, will 
exacerbate the condition of congestive failure. Dimi- 
nution of the baroreceptor response will reduce the 
inhibitory control which this exerts on the vaso- 
motor centres. A decreased responsiveness of atrial 
receptors will reduce the afferent input whereby a 
distended atrium reduces sympathetic outflow. A 
lack of responsiveness of the myocardium to post- 
ganglionic sympathetic stimulation will reduce the 
increase in output that is necessary to maintain the 
blood pressure. 


Conclusion 


The evolution of a high cardiac output in the warm- 
blooded animals has provided a surpassing capacity 
for physical activity supported by oxygen. The oxy- 
gen uptake of exercising muscles is met by a massive 
capacity for local vasodilatation and by an increase 
in cardiac output. The co-evolution of a high resting 
arterial pressure permits the increase in cardiac out- 
put to take place during exercise with a relatively 
stable left ventricular emptying pressure. 

Although the function of the circulation is to per- 
fuse the tissues, the body monitors the adequacy of 
its perfusion, not through metabolic messengers car- 
ried from the tissues in the blood stream, but by 
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sensing the arterial pressure. A damaged heart 
becomes progressively less able to maintain the arte- 
rial pressure, at first during exercise and ultimately 
at rest. When this happens the body responds in the 
stereotyped manner for which it has been 
programmed by natural selection to maintain the 
arterial pressure during exercise or trauma. 

In the short term this is achieved by autonomic 
regulation through the baroreflex arc, the central 
control of which is modulated by afferents from the 
limbs and instructions from higher centres. In the 
longer term the arterial pressure is maintained 
through an increase in the blood volume by reten- 
tion of saline by the kidney. To this end local renal 
mechanisms are successively magnified by the renin- 
angiotensin-aldosterone system and by the activity 
of the sympathetic system and vasopressin. In car- 
diac failure the natriuretic influence mediated 
through volume receptors and the release of atrial 
natriuretic peptide is overruled by the arterial bar- 
oreceptors so that the body maintains the arterial 
pressure at the expense of an increase in blood 
volume. 

The increase in blood volume is, therefore, the 
result of “forward failure”. But the distribution of 
the excess volume of blood is determined by the 
mechanical forces of “backward failure”. Thus both 
these processes raise the pressure in the peripheral 
capillaries so that liquid is expelled into the tissue 
spaces to form oedema. 

In these ways the arterial pressure has a central 
role in congestive cardiac failure and that syndrome 
may, with little exaggeration, be regarded primarily 
as one which arises when the heart is chronically 
unable to maintain an appropriate blood pressure 
without support. 


I am glad to acknowledge the longstanding support 
of the British Heart Foundation. 
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SUMMARY During the course of a case of primary pulmonary hypertension occurring in a 24 year 
old man lung tissue became available at heart-lung transplantation in 1986 and from a lung biopsy 
carried out in 1981. In 1986 the sections showed classic plexogenic pulmonary arteriopathy. In 
1981 they revealed migration of myofibroblasts into the intima and lumen of pulmonary arteries 
and arterioles, the identification of the cells being confirmed by electron microscopy. During the 
five years that the pulmonary vascular pathology progressed to the formation of plexiform lesions 
there was an increase in the number of bronchiolar endocrine cells that were immunoreactive to 


bombesin and calcitonin. 


This study demonstrates that the classic pathogenesis of primary plexogenic pulmonary arte- 
riopathy originates years earlier as a migration of cells of muscular pedigree from the media into 
the intima of the pulmonary arteries and arterioles. 


The histological features of fully developed plexo- 
genic pulmonary arteriopathy, which forms the 
pathological basis for primary pulmonary hyper- 
tension, are well known. We have recently described 
them in detail together with the less familiar ultra- 
structural characteristics.! There is much less infor- 
mation on the histological and ultrastructural 
features of the early stages of the disease before the 
appearance of the plexiform lesions, fibrinoid necro- 
sis, and “onion-skin proliferation” in pulmonary 
arteries. Yet this early stage is of great interest to the 
pathologist because familiarity with its features will 
enable him to diagnose with more confidence plex- 
ogenic pulmonary arteriopathy before the plexiform 
lesions develop. As the term implies, every case need 
not have plexiform lesions—only the potential to 
develop them. The early stage is also of prime inter- 
est to the clinician since analysis of the initial pathol- 
ogical lesions may suggest to him which treatment, if 
any, is likely to alleviate or even reverse the condi- 
tion before it progresses to the fully developed dis- 
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ease for which heart-lung transplantation is the only 
treatment. 

The difficulty has been that in most early cases of 
primary pulmonary hypertension the histo- 
pathologist has to assume without proof that the 
lesions he is describing will progress to classic plex- 
ogenic pulmonary arteriopathy. It is unusual to be 
able to study the pulmonary vascular lesions at an 
early stage in an individual case in which there is 
unequivocal progression of the lesions to the imme- 
diately recognisable disease and to have the oppor- 
tunity to study lung tissue removed at heart-lung 
transplantarion. For this reason we thought it was 
worth while to report the histological findings in 
such a case in which the observations were separated 
by a period of five years. The case is of added inter- 
est in demonstrating for the first time that primary 
plexogenic pulmonary arteriopathy may be associ- 
ated with abnormal numbers of cells that are immu- 
noreactive for certain peptides in the epithelium of 
the bronchial tree. 


Case report 
The patient was a paint sprayer. In 1980, at the age 


of 18 years, cardiomegaly was found at routine mass 
xray. He had no symptoms at that time. À cardiac 
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murmur had been noted in infancy but his parents 
had been advised that he would “‘grow out of it". 
"Throughout childhood and adolescence he had been 
free from cardiac symptoms. On admission to hospi- 
tal the pulse was regular at 80 beats/minute. The 
jugular venous pressure was normal and the sys- 
temic blood pressure 130/80 mm Hg. There was a 
slight prominence of the left chest. At the left sternal 
border there was an ejection click, a grade 1/6 ejec- 
tion systolic murmur, fixed splitting of the second 
sound, and a grade 2/6 early diastolic murmur. The 
radiograph of the chest showed dilatation of the pul- 
monary trunk and its main branches (fig 1a). The 
electrocardiogram showed right ventricular hyper- 
trophy. At cardiac catheterisation the pulmonary 
arterial pressure was 70/24 mm Hg. There was no 
evidence of a shunt. A pulmonary angiogram dem- 
onstrated a considerable enlargement of the pul- 
monary trunk and its major divisions. There was 
some reflux across the pulmonary valve. The right 
ventricle was enlarged but the left atrium and ventri- 
cle appeared normal. A lung scan showed some 
underperfusion of the middle and upper zones that 
was not thought to be suggestive of pulmonary 
embolisation. Respiratory function tests were nor- 
mal. A diagnosis of primary pulmonary hyper- 
tension was made. He was treated with hydralazine. 
In 1981 a biopsy specimen of the lung was taken. In 
1983 he complained of occasional pains in the chest 
and treatment was changed to nifedipine. At that 





Fig 1 
branches. The aortic arch appears small. The cardiothoracic ratio was 1:2. (b) The dilatation of the pulmonary trunk and 
its proximal branches has progressed and considerable cardiac enlargement has developed. 


point he became lost to follow up. 
In November 1985 he was again admitted to the 
Leeds General Infirmary. He had had increasing 
dyspnoea on exertion for six months. More recently 
he had developed precordial pain on exertion and 
swelling of the ankles. On three occasions he had lost 
consciousness during exertion. He was taking 10 mg 
nifedipine three times a day together with diuretics 
There was oedema of the legs. The jugular venous 
pressure was raised 5 cm with prominent “ʻa” 
The systemic arterial pressure was 90/70 mm Hg 
'The heart was enlarged with a prominent systolic 
outward movement of the entire precordium. A 
fourth sound was present, together with a loud sec 
ond and an ejection click, grade 4/6 ejection systolic 
murmur, and grade 3/4 diastolic murmur at the left 
border of the sternum. The liver was palpable 5 cm 
below the costal margin. He was jaundiced. The 
chest radiograph showed enlargement of the heart 
and considerable dilatation of the pulmonary trunk 
and its primary and proximal branches (fig 1b). The 
electrocardiogram indicated severe right ventricular 
hypertrophy. Echocardiography confirmed dilata 
tion of the right ventricle and right atrium. 
He was assessed and accepted for 


waves 


cardio 


pulmonary transplantation at the National Heart 
Hospital and sent back to Leeds to await operation 
Within two months, however, he developed severe 
generalised oedema and ascites with increasing renal 
and hepatic failure. A hepatic biopsy specimen 





Chest radiographs obtained in 1980 (a) and 1986 (b). (a) Shows dilatation of the pulmonary trunk and tts main 
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showed evidence of severe venous congestion but no 
underlying chronic liver disease. Intensive treat- 
ment with albumin infusions and diuretics produced 
some amelioration before transplantation was 
attempted. He did not regain consciousness after the 
operation, although cardiopulmonary function was 
adequate. 


Pulmonary vascular pathology in 1986 


The histological features of the lung resected at 
heart-lung transplantation were typical of advanced 
plexogenic pulmonary arteriopathy. The elastic pul- 
monary arteries showed severe atherosclerosis. 
There was gross intimal proliferation of athero- 
sclerotic tissue which had penetrated through the 
internal elastic lamina deep into the underlying 
media where it replaced the existing musculoelastic 
tissues. There was severe medial hypertrophy of the 
muscular pulmonary arteries; the total wall thick- 
ness was some 25% of the external diameter (fig 2). 





in 1986. In the lower half of the figure is a transverse 
section of a hypertrophied muscular pulmonary artery in 
which circumferentially oriented smooth muscle cells are 
tightly packed together. Internal to this is a zone where the 
nuclei of myofibroblasts are aligned radially. Including this 
layer, the wall thickness is about 25°, of the diameter of the 
vessel. Above is a plexiform lesion (arrow) in which 
myofibroblasts and primitive vasoformative “fibrillary cells” 
have proliferated inside a dilated branch of the 
hypertrophied parent artery. (Haematoxylin and eosin; 

x 140.) 
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Sections stained with haematoxylin and eosin 
showed the compact media to be composed of cir- 
cumferentially orientated smooth muscle cells with 
an inner layer of myofibroblasts whose nuclei were 
arranged radielly (fig 2). Sections stained with an 
elastic van Gieson stain demonstrated the hyper- 
trophied media delineated by inner and outer elastic 
laminae. This staining technique revealed that the 
inner zone of radially arranged myofibroblasts had 
formed a layer of musculoelastic tissue. This promi- 
nent layer of concentric-laminar musculoelastic tis- 
sue in the intima extended into many of the branches 
of the muscular pulmonary arteries where it consid- 
erably reduced the lumen (fig 3). In this layer the 
muscle cells were prominent and well defined and 
the elastic tissue was arranged as thick, well defined 
laminae (fig 3). 

Plexiform lesions were much in evidence (fig 2). 
In sections stained by haematoxylin and eosin they 
appeared as dilated branches of muscular pulmonary 
arteries in which there had been a proliferation of 
cells, which we know from previous ultrastructural 
studies to be a mixture of myofibroblasts and prim- 
itive vasoformative reserve cells previously termed 
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Fig 3 Photomicrograph of a section of lung tissue obtained 
in 1986. Transverse section of dilated branch of muscular 
pulmonary artery showing a very thick outer limiting layer 
of elastic tissue and a prominent concentric-laminar layer of 
musculo-elastic tissue. Within this layer the elastic fibrils 
are thick and well defined. The muscle layers are prominent. 
(Elastic van Gieson; x 450.) 
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“fibrillary cells.? In sections stained by the elastic 
van Gieson technique the limiting remains of the 
media of the dilated branch of the muscular pul- 
monary artery could be made out (fig 4). Some plexi- 
form lesions arose as side-branches of the largest 
muscular pulmonary arteries which showed severe 
intimal fibroelastosis. Many of the small muscular 
pulmonary arteries showed  concentric-laminar 
(*onion-skin") intimal proliferation (fig 5). A few 
showed subacute necrotising arteritis with replace- 
ment of lengths of media by fibrous tissue as part of 
a process of repair of necrotic media. There were 
small focal collections of siderophages in the alveolar 
spaces; these had probably resulted from hae- 
morrhage from thin-walled branches of muscular 
pulmonary arteries. 


Pulmonary vascular pathology in 1981 


The histological features of the lung-biopsy speci- 
men resected in 1981 differed in important respects 
from the picture of classic plexogenic pulmonary 
arteriopathy found in 1986 and described above. At 
that time the muscular pulmonary arteries already 
showed pronounced medial hypertrophy, the medial 





Fig 4 Photomicrograph afa a section of lung tissue obtained 
in 1986. Plexiform lesion (p) arising as a side-branch of a 
large muscular pulmonary artery (mpa) which itself shows 
prominent fibroelastic tissue. The remaining elastic tissue 
delineates the outer margin of the plexiform lesion ( arrow). 
(Elastic van Gieson; x 135.) 





Fig 5 Photomicrograph of a section of lung tissue obtained 
in 1986. Transverse section of a small, muscular pulmonary 
artery showing concentric-laminar (“onion-skin’’ ) 
proliferation of myofibroblasts. (Haematoxylin and eosin, 

x 350.) 


thickness approaching 15% of the external diameter 
of arteries which were around 270 uim in diameter 
(fig 6). The muscular pulmonary arteries had thick 
inner and outer elastic laminae which were in part 
crenated. Wispy elastic fibrils were seen in the sub- 
stance of the media. In some of the larger muscular 
pulmonary arteries there were fasciculi of longi- 
tudinal smooth muscle in the outer media at its 
interface with adventitia; in others there were eccen- 
tric bundles of musculoelastic tissue in the intima 
In other muscular pulmonary arteries there were 
crescentic areas of intimal elastic tissue (fig 6). Some 
of their branches were almost blocked by 
concentric-laminar intimal elastosis (fig 7) that 
resembled the changes seen in the lung five years 
later. In the lesions seen in 1981 the elastic fibrils 
were wispy and ill-defined (fig 7) compared with 
those seen in a similar situation five years later when 
the elastic fibrils were thicker, and well defined (fig 
3). The parent elastic pulmonary arteries appeared 
normal with thick concentric elastic laminae 
embedded in the media of smooth muscle. 

In the lung biopsy material resected in 1981 there 
was no intimal concentric-laminar (*onion-skin'') 
proliferation, no fibrinoid necrosis, or necrotising 
arteritis, and, above all, no plexiform lesions. In the 





Fig 6 Photomicrograph of a section of lung tissue obtained 
in 1981. Transverse section of muscular pulmonary artery 
showing medial hypertrophy; the thickness of the media was 
variable but averaged out at 15% of the external diameter 
of the vessel. There is a large crescentic mass of intimal 
fibroelastosis. ( Elastic van Gieson; x 225.) 


earlier lung tissue, however, there were important 
lesions in the small muscular pulmonary arteries, 
pulmonary arterioles, and precapillaries. These took 
the form of a proliferation into the lumen of elon- 
gated cells with spindle-shaped nuclei that stained 
yellow with van Gieson’s stain (fig 8). They had the 
cytological features of myofibroblasts. Loosely 
arranged in the lumen of the arterioles in a filigree 
pattern they maintained contact by many slender, 
elongated processes with the elastic lamina that 
made up the wall of the arteriole. In some instances 
there was migration of the myofibroblasts through 
the elastic wall of the pulmonary arteriole (fig 8). 
Both arterioles and precapillaries were packed with 
myofibroblasts. There was no intimal proliferation 
of any type in the pulmonary veins. 


Electron microscopy 


The lung biopsy specimen in 1981 was received 
fixed in formol saline, which is not ideal for electron 
microscopy. Nevertheless, small fragments of lung 
tissue were taken and processed for ultrastructural 
study. They were washed in buffer solution and 
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Fig 7 Photomicrograph of a section of lung tissue obtained 
in 1981. Transverse section of thin-walled branch of 
muscular pulmonary artery whose wall is composed of a 
thick elastic lamina. The remains of the muscular media of 
the parent artery are indicated by an arrow. There is a 
thick layer of concentric-laminar intimal elastosis. ( Elastic 
van Gieson; x 540.) 


fixed first in 3% glutaraldehyde and then in 1% 
osmium tetroxide. The tissue was then dehydrated 
in ethanol, embedded in Araldite, and stored for 
future use. Sections 1 jum in thickness were stained 
with toluidine blue and areas of tissue containing 
pulmonary blood vessels were selected for study. 
The blocks were then trimmed and fine sections 
were cut and then stained with uranyl acetate and 
lead citrate. The sections were studied with an AEI 
Corinth 500 electron microscope. 

Muscular pulmonary arteries showed hyper- 
trophy of the media, which was made up of numer- 
ous smooth muscle cells that were orientated 
circumferentially except for occasional longi- 
tudinally oriented groups adjacent to the adventitia. 
The muscle cells had elongated nuclei, often with a 
crenated outline, and a cytoplasm filled with 
myofilaments and containing cigar-shaped dense 
bodies, the so-called “focal condensations". The 
periphery of the smooth muscle cells bore numer- 
ous, dark attachment points interspersed with paler 
regions containing micropinocytotic vesicles. In 
some areas medial smooth muscle cells adjacent to 
the internal elastic lamina had adopted a radial ori- 
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Fig 8 Photomicrograph of a section of lung tissue obtained 
in 1981. Longitudinal section of pulmonary arteriole 
showing migration of myofibroblasts into the lumen (1). 
Sites where the cells are traversing elastic laminae are 
indicated by arrows. The cells have an irregular, elongated 
shape. (Elastic van Gieson; x 938.) 


entation as though migrating towards the intima (fig 
9). In no instance were we able to demonstrate a 
muscle cell actually penetrating the elastic lamina, 
although this appearance was seen in the histo- 
pathological sections. Inside the inner lamina there 
were proliferating cells in the intima with ultra- 
structural features such as myofilaments and focal 
condensations that showed their muscular pedigree 
(fig 10). The intercellular spaces contained finely 
fibrillary ground substance, numerous collagen 
fibres (fig 9), and small deposits of immature elastin 
(fig 10). In view of their obviously secretory function 
we prefer to call the cells in the intima, 
“myofibroblasts”. The fragmented internal elastic 
lamina was largely obscured by the profusion of 
collagen fibres and immature elastin. 

Pulmonary arterioles showed the same intense 
proliferation of myofibroblasts in the intima but in 
these vessels the cells were much paler than their 
arterial counterparts and contained fewer 
myofilaments and focal condensations. In some 
myofibroblasts there was cytoplasmic vacuolation 
and disruption of mitochondria. This may have been 
an artefact caused by the initial slow formalin 
fixation. There was less intercellular ground sub- 


209 


stance and collagen in pulmonary arterioles than in 
muscular pulmonary arteries and there was very 
little elastin. The intimal myofibroblasts were 
separated from the endothelium by only a narrow 
basement membrane. Endothelial cells were com- 
pressed and displaced towards the lumen but were 
otherwise normal. They were readily identified 
because of the numerous Weibel-Palade bodies they 
contained. Myofibroblasts were also encountered in 
terminal arterioles which approached the size of pre- 
capillaries. In these small vessels they did not form a 
continuous intimal layer but rather a series of small 
pads projecting into the lumen. These cells were also 
pale and contained few myofilaments. 


Pulmonary endocrine cells 


Sections of lung were cut at 4 um and labelled by the 
peroxidase-antiperoxidase method? with polyclonal 
primary antisera raised in rabbit to human neuron- 
specific enolase and calcitonin, bombesin, and 
leucine-enkephalin. The chromogen used was 
3-amino-9-ethyl carbazole which gives a red-brown 
precipitate. We assessed the numbers of immuno- 
reactive cells containing each of the peptides under 
study by counting their number and expressing it 
per square centimetre of tissue section as deter- 
mined by planimetry, because the pulmonary tissue 
was collapsed. This method has been used success- 
fully in previous studies.* * 

The cytology, histology, and distribution of endo- 
crine cells in the pulmonary tissue from 1981 
showed no abnormal features. Cells containing cal- 
citonin and bombesin were scattered throughout the 
airways, occurring predominantly as solitary cells 
and occasionally as clusters. We did not find cells 
that were immunoreactive for leucine-enkephalin. 
All were immunoreactive for neuron-specific 
enolase, but none was argyrophilic irrespective of 
whether they contained calcitonin or bombesin. No 
cells containing calcitonin or bombesin were 
identified in the alveolar ducts or alveoli. In the 
three blocks of tissue examined (total sectional area 
3:65 cm?) there were 3:3 cells per cm? that were 
immunoreactive for calcitonin and 9:0 cells per cm* 
that were immunoreactive for bombesin. The larges: 
cluster seen contained five cells in one plane of sec 
tion. 

The appearance of the endocrine cells in the pul- 
monary tissue from 1986 was quite different. Cell« 
containing calcitonin (fig 11) and bombesin (fig 12 
were aggregated into clusters of variable size. In 
addition, the number of solitary endocrine cells con 
taining these peptides was increased. Some of the 
clusters clearly consisted of aggregates of solitary 
cells and bore little resemblance to the normal 
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neuroepithelial body. Two further features were 
notable. In some of the aggregates there was co- 
storage of bombesin and calcitonin. In others, the 
component cells were argyrophilic. As in the tissue 
from 1981, no cells that were immunoreactive for 
leucine-enkephalin were identified but all those con- 
taining bombesin or calcitonin or both were immu- 
noreactive for neuron-specific enolase. No 
endocrine cells were identified in alveolar ducts or 
alveoli. In the four blocks of tissue examined, which 
made up a total sectional area of 10:85 cm?, there 
were 21-2 cells per cm? that were immunoreactive 
for calcitonin and 50 cells per cm? that were immu- 
noreactive for bombesin. 
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Discussion 


There are many causes of a raised pulmonary arterial 
pressure and usually it is possible to demonstrate the 
basis of its development. There remains a small 
group of patients with clinically unexplained pul- 
monary hypertension. The pathological basis for 
pulmonary hypertension in these patients is usually 
plexogenic pulmonary arteriopathy, pulmonary 
veno-occlusive disease, or recurrent pulmonary 
thromboembolism.! A fourth pathological entity, 
the recently described invasive pulmonary capillary 
haemangiomztosis," * may need to be added to this 
list, although here the characteristic recurrent 





Fig 9 Electron micrograph (tissue obtained in 1981) of part of the wall of a muscular pulmonary artery at the 
junction of media and intima. The internal elastic lamina is indistinct and consists of small, dark fragments of elastic 
tissue (arrowed) separated by an extensive network of collagen fibres (c). Smooth muscle cells (s) in the media are 
orientated at right angles to the lamina and extend into it. The intima contains myofibroblasts (m), which are similar 
to smooth muscle, and sparsely distributed collagen fibres. ( x 7000.) 
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haemoptysis may allow clinical diagnosis. Com- 
monly, however, clinical examination and 
investigation will not distinguish one condition from 
the other and an open lung biopsy is needed for pre- 
cise diagnosis. 

Plexogenic pulmonary arteriopathy, a term desig- 
nated by a Working Party of the World Health 
Organisation® is not specific to primary pulmonary 
hypertension but also occurs in cases of pre- and 
post- tricuspid congenital cardiac shunt such as 
atrial and ventricular septal defect,! and of severe 
pulmonary hypertension complicating cirrhosis of 
the liver or portal vein thrombosis.'° The feature 
which distinguishes this pathological entity in pri- 
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mary pulmonary hypertension is that it occurs on its 
own as primary plexogenic pulmonary arteriopathy. 

The words of the designation of the disease were 
carefully chosen. Each case has the potential for 
forming plexiform lesions but they may not be 
present in any individual case. They take time to 
develop. The plexiform lesion is a dilated branch of 
a muscular pulmonary artery in which a plexiform 
mass of narrow vascular channels and cells forms. ' 
The proliferation appears to be a response to fibrin 
and fibrinoid material derived from the media of the 
parent muscular pulmonary artery.'' Our own elec- 
tron microscopical studies? have shown that the vas- 
cular channels are not true capillaries since they are 





Fig 10 Electron micrograph (tissue obtained in 1981) showing detail of a myofibroblast from an area of intimal 


elastosis in a muscular pulmonary artery. The cell contains numerous myofilaments, focal condensations (f), and 
peripheral attachment points (a). The intercellular space contains collagen fibrils and immature elastin (arrow) 


( x 17500.) 
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Fig 11 Photomicrograph of a section of lung tissue 
obtained in 1986. Transverse section of small bronchiole 
showing cells immunoreactive for calcitonin in the 


bronchiolar mucosa. ( Peroxidase-antiperoxidase; x 350.) 


lined not by endothelial cells but by primitive vaso- 
formative cells which we have called “‘fibrillary 
cells". The cytoplasm of these cells contains numer- 
ous microfilaments of uniform thickness arranged in 
whorls.? Between the vascular channels is a matrix 
of acid proteoglycans in which myofibroblasts and 
fibrillary cells are embedded. One associated histo- 
logical lesion is concentric-laminar proliferation of 
cells (‘‘onion-skin proliferation") in muscular pul- 
monary arteries or their branches; the cells which 
proliferate have been shown to be myofibroblasts.? 
Another is fibrinoid necrosis of the media of the par- 
ent artery in which fibrin and related substances may 
be released into dilated branches and stimulate the 
formation of plexiform lesions; the fibrinoid necrosis 
will also attract neutrophil polymorphs and thus 
give the picture of necrotising arteritis. When this 
characteristic triad of histological lesions occurs 
together in an advanced stage of plexogenic pul- 
monary arteriopathy the diagnosis is easy and 
straightforward. 

The features of the early stages of proven plexo- 
genic pulmonary arteriopathy are far less familiar 
and so the findings in the present case are of special 
interest. In this young man severe pulmonary vascu- 
lar disease was already established five years before 
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bronchiole that are immunoreactive for bombesin. 
( Peroxidase-antiperoxidase; x 562.) 


plexiform lesions were found in lung tissue resected 
at heart-lung transplantation, and one year later car- 
diomegaly was noted at mass x ray when the patient 
was free from symptoms. The initial vascular lesions 
included prominent medial hypertrophy indicative 
of a considerable increase in pulmonary arterial 
pressure and resistance as early as 1981 and this is 
consistent with the haemodynamic findings at that 
time. The second important component of the dis- 
ease process at that time was a migration of cells 
from the media of muscular pulmonary arteries into 
the intima of the vessels and their branches. Electron 
microscopy demonstrated that these cells were 
myofibroblasts; so the striking proliferations of 
intimal elastosis and musculoelastosis in the pul- 
monary arteries (fig 6) and their branches (fig 7) 
were the result of formation of connective tissues of 
various types by cells of a muscular pedigree. The 
migration, proliferation, and secretory activity of 
these cells appeared to persist for years since the 
intimal muscularity and elastosis was still present in 
the lung tissue resected in 1986, albeit with certain 
changes such as the thickening and sharper mod- 
elling of the elastic fibres. 

Myofibroblasts also migrated through deficiencies 
in the inner elastic lamina of the pulmonary arte- 
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rioles, leading to occlusion of the lumen. Such 
appearances indicate that the early stage of plexo- 
genic pulmonary arteriopathy is characterised by a 
hyperplasia of cells of muscular pedigree. Primary 
pulmonary hypertension is traditionally described as 
a vasospastic form of pulmonary vascular disease 
and the later stages of its pathology with fibrinoid 
necrosis are certainly consistent with that view. 
However, the earliest stages appear to be an active 
migration of muscle cells and this seems to have 
implications for treatment of the early stages of the 
disease because it is difficult to see how the adminis- 
tration of pulmonary vasodilators could influence 
this migration of muscle-derived cells to block the 
vascular lumen. 

The stimulus for the migration of the 
myofibroblasts is obscure but in the present case 
there was evidence of increased immunoreactivity in 
the bronchiolar epithelial cells for both calcitonin 
and bombesin. Pulmonary endocrine cells contain- 
ing these regulatory peptides were present in normal 
numbers in the lung tissue from 1981 but had 
increased by 1986. The content of bombesin in par- 
ticular was abnormally high. It is traditional in 
defining primary pulmonary hypertension to state 
that the lung per se beyond the pulmonary vascu- 
lature is normal. The findings in the present case 
make it clear that this is not true. In this case there 
was unequivocal evidence of increased immuno- 
reactivity for calcitonin and, especially, bombesin. 
At present it is difficult to see how increased secre- 
tions of regulatory peptides in the bronchial tree 
could induce proliferation and migration of the 
myofibroblasts in the pulmonary arteries. It seems 
that the stimulus for growth of the muscle cells 
would be more likely to originate in the closely adja- 
cent endothelial cells. This aspect of the pathology 
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of plexogenic pulmonary arteriopathy clearly 
requires further investigation. 


This study was part of a scheme of research funded 
by a grant from the British Heart Foundation to 
DH, PH, and MY. 
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Ventricular septal defect after myocardial infarction: 
assessment by cross sectional echocardiography with 
pulsed wave Doppler scanning 
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PETER BLOOMFIELD 


From the Department of Cardiology, Royal Infirmary, Edinburgh 


SUMMARY Eight patients who developed a ventricular septal defect after myocardial infarction 
were assessed by cross sectional echocardiography and pulsed wave Doppler scanning. Cross 
sectional echocardiography visualised the defect in four patients and gave an accurate assessment 
of global and regional left ventricular function in all eight. In all patients pulsed wave Doppler 
scanning detected turbulent flow at the apex of the right ventricle or adjacent to a wall motion 
abnormality affecting the interventricular septum. Pulsed wave Doppler detected coexisting 
mitral regurgitation in one patient and tricuspid regurgitation in another two. In all patients a left 
to right shunt was confirmed by oximetry and the location of the defect was identified by angio- 
graphy or at operation or necropsy. 

Cross sectional echocardiography in combination with pulsed wave Doppler scanning is useful 
in the rapid bedside evaluation of patients with ventricular septal defect after myocardial 


infarction. 


Rupture of the interventricular septum is a life 
threatening complication that occurs in 0-5-1-0% of 
patients with acute myocardial infarction. Typically, 
a patient presents with haemodynamic deterioration 
and the development of a pansystolic murmur, usu- 
ally within a week of acute myocardial infarction. 
Early and accurate diagnosis, and in particular dis- 
tinction from acute mitral regurgitation, is essential 
because an appropriate operation may be life saving. 
The diagnosis of septal rupture has usually been 
confirmed by demonstrating a left to right shunt 
with oximetry at Swan-Ganz catheterisation and by 
contrast ventriculography, but a reliable non- 
invasive bedside technique would be preferable. 
Cross sectional echocardiography can demonstrate 
the actual defect and the reliability of this technique 
may be enhanced by the injection of agitated saline 
into a peripheral or central vein to act as an echo- 
cardiographic contrast medium.! Recently, pulsed 
wave Doppler scanning has been used to demon- 
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strate abnormal intracardiac flow adjacent to the 
suspected defect." * We report our experience with 
combined cross sectional echocardiography and 
pulsed wave Doppler scanning in eight consecutive 
cases of postinfarction ventricular septal rupture. 


Patients and methods 


PATIENTS 

Since March 1985 all patients in our coronary care 
unit or referred from outside hospitals with sus- 
pected ventricular septal rupture after myocardial 
infarction have had cross sectional echocardio- 
graphic studies with pulsed wave Doppler scanning. 
During this time we have studied eight patients with 
postinfarction ventricular septal defect confirmed by 
angiography or at operation or necropsy. 

'The table summarises the clinical details of the 
eight patients. Three patients had inferior and five 
had anterior myocardial infarction and all developed 
a pansystolic murmur. Patient 5 developed a 2/6 
pansystolic murmur ten days after anterior myo- 
cardial infarction and was thought both clinically 
and on the basis of cross sectional echocardiography 
with pulsed wave Doppler scanning to have devel- 
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oped mild mitral regurgitation. She was discharged 
but six days later she was readmitted with pul- 
monary oedema and a 4/6 pansystolic murmur. A 
ventricular septal defect and mitral regurgitation 
were found. Patient 8 first presented with dyspnoea 
but gave a history typical of myocardial infarction 
occurring two weeks previously. 


ECHOCARDIOGRAPHIC EXAMINATION 

Cross sectional echocardiography with pulsed wave 
Doppler scanning was performed with a Hewlett- 
Packard model No 77020A phased array echo- 
cardiograph and integral pulsed Doppler system. 
Seven of the eight patients were studied within 24 
hours of the development of the murmur and in six 
cases this was before oximetry or contrast ventricu- 
lography. We attempted to record parasternal long 
and short axis views and apical two and four cham- 
ber views. In all views we attempted to visualise the 
ventricular septal defect directly, particularly in the 
four chamber and parasternal short axis views. The 
transducer was swept through an arc to image as 
much of the septal anatomy as possible. Global and 
regional left ventricular function was assessed from 
the cross sectional echocardiographic images. For 
pulsed wave Doppler analysis the sample volume 
was placed to interrogate the apex and body of both 
ventricles and also the atria to determine whether 





mitral or tricuspid regurgitation could be detecte 

In all cases ventricular septal 
confirmed by oximetry or left ventricular angi 
graphy in the 45° left anterior oblique projectior 
both. Anatomical confirmation was obtained 
seven Cases at operation or necropsy 


rupture w 


Results 


CROSS SECTIONAL ECHOCARDIOGRAPHY 

Wall motion abnormalities—Assessment of regiona 
left ventricular wall motion abnormalities and global 
function by cross sectional echocardiograph 
accorded with abnormalities demonstrated at angio 
graphy. The left ventricular apex was affected in al 
cases whether the electrocardiographic site 
infarction was inferior or anterior 

Direct visualisation of the defect—In patients 1, 2 
and 7 the defect could be seen clearly by cross sec 
tional echocardiography in the apical four chambe: 
and parasternal short axis views over the left ventric 
ular apex. In one case (patient 3) the defect was 
shown to follow a serpentine course through thc 
interventricular septum as the septum was imaged 
from apex to base, a finding that was confirmed at 
necropsy. In the remaining four cases (patients 4 

6, and 8) a defect in the septum could not be visua 
ised clearly but the septum appeared thin and hypi 


FROZEN 


Fig Cross sectional echocardiogram (a) in the parasternal long axis view showing a probable defect in the interventricular 
septum (black arrow), (b) A similar view in another patient with the pulsed wave Doppler sample volume adjacent to the 


ventricular septal defect (arrow). The Doppler signal shows turbulent flow with aliasing. LV, left ventricle; LA, le 


Ao, aortic root; MV, mitral valve 
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Table Clinical characteristics and outcome of eight patients with ventricular septal rupture after myocardial infarction 














Days after MI: NYHA class: 
To 
Ageand ECG site appearance To Auscultatory At At 
Patient sex of MI of murmur operation findings echo operation Outcome 
i 69 F Inferior 4 4 PSM 3/6 IV IV Repair + CABG, 
perioperative death 
2 77M Anterior 4 9 PSM 3/6 H IV Repair + CABG 
3 74M Inferior 6 None PSM 3/6 IV — Death 
(cardiogenic shock) 
4 69M Anterior 6 None PSM 4j6 IV — Death (ventricular 
fibrillation) 
5* 70 F Anterior 10 PSM 2j6 H — Repair MVR + AVR, 
20 22 PSM 4/6 IV IV perioperative death 
6 73 F Anterior 2 13 PSM 4j6 II II Repair 
7 65M Anterior 3 3 PSM 3/6 II H Repair 
8 71M Inferior Presented 
at 14 days 60 PSM 3/6 H H Repair + CABG 





*Patient 5 had two examinations (see text). 


MI, myocardial infarction; PSM, pansystolic murmur; NYHA, New York Heart Association; MVR, mitral valve replacement; 
AVR, aortic valve replacement; CABG, coronary artery bypass graft. 


kinetic in the segment where the defect was demon- 
strated at angiography. 


PULSED WAVE DOPPLER SCANNING 

In patients 1, 2, 3, and 7 when the sample volume 
was placed adjacent to the septal defect and within 
the right ventricle a harsh Doppler audio signal was 
recorded in systole. Spectral analysis of the signal 
demonstrated multiple frequencies and aliasing of 
the signal, indicating turbulent and high velocity 
flow (fig). In two cases these signals could be 
detected with the sample volume located within the 
ventricular septal defect seen on cross sectional 
echocardiography. In patients 4, 5, 6, and 8 a similar 
Doppler signal was identified adjacent to the thin 
and akinetic segment of the interventricular septum 
(fig). In all cases the turbulent Doppler signal was 
clearly distinguishable from the normal laminar and 
biphasic flow pattern at the level of the tricuspid 
valve. Patients 2 and 6 had clinical evidence of tri- 
cuspid regurgitation and turbulent flow was 
detected within the right atrium by Doppler. Patient 
5 had two studies: the first at 10 days demonstrated 
mitral regurgitation and the second, when there was 
a sudden clinical deterioration at 20 days, demon- 
strated both mitral regurgitation and a ventricular 
septal defect (table). 


INVASIVE STUDIES 

All eight patients had a left to right shunt confirmed 
by oximetry. Seven patients underwent contrast 
ventriculography which demonstrated the site of the 
defect. Of these, four had three vessel disease on 
coronary angiography and in all seven the artery 
supplying the territory of the myocardial infarction 
was occluded. 


PATHOLOGICAL EXAMINATION 

Six patients underwent surgical repair; four sur- 
vived and two died perioperatively from pump fail- 
ure. Patient 5 underwent repair of the ventricular 
septal defect and mitral valve replacement. Because 
the aortic valve was inadvertently damaged at oper- 
ation this too was replaced (table). Two died within 
48 hours of diagnosis, one suddenly from ventricular 
fibrillation and one in cardiogenic shock. The 
patient in cardiogenic shock (case 3) was considered 
to be inoperable on the basis of the cross sectional 
echocardiographic assessment of left ventricular 
function; angiography was not performed and at 
necropsy there was evidence of old anterior an. 
recent inferoapical myocardial infarction with a s. 
pentine defect through the basal and apical segments 
of the ventricular septum. 


Discussion 


We have shown that cross sectional echo- 
cardiography with pulsed wave Doppler scanning 
can demonstrate the presence of ventricular septal 
rupture after myocardial infarction, confirming the 
previous reports of Miyatake et al? and Cheesman 
et al.* In four cf our eight patients the defect was 
visualised by cross sectional echocardiography. 
There was good agreement in the assessment of 
regional and global left ventricular function between 
cross sectional echocardiography and contrast 
ventriculography. 

On initial study one patient (patient 5) was 
thought to have only mitral regurgitation. At a later 
study a ventricular septal defect had developed. It is 
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possible that a ventricular septal defect was present 
at the time of the first study, but the patient’s rapid 
deterioration and new clinical and Doppler echo- 
cardiographic findings strongly suggest that septal 
rupture occurred after the first examination. 

We believe that cross sectional echocardiography 
with pulsed wave Doppler scanning can provide 
diagnostic confirmation and important information 
about global and regional left ventricular function at 
the bedside in patients with a suspected ventricular 
septal defect after myocardial infarction. This tech- 
nique may reduce the necessity for full angiographic 
assessment of such patients, especially when poor 
left ventricular function excludes surgical inter- 
vention. It is also possible that operation could be 
considered without angiography or after coronary 
angiography alone. 
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Left ventricular function and oesophageal function in 
patients with angina pectoris and normal coronary 
angiograms 
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SUMMARY Left ventricular function and oesophageal function (including oesophageal man- 


. ometry and pH monitoring) were investigated and a psychiatric assessment carried out in 63 


patients with angina pectoris and normal coronary angiograms. Twenty two (35%) patients had 
regional abnormalities of left ventricular wall motion (group A). Thirty six (57%) patients had an 
oesophageal abnormality (group B); 19 patients had gastro-oesophageal reflux and abnormal 
oesophageal motility, five had gastro-oesophageal reflux alone, and 12 had abnormal oesophageal 
motility alone. Only four had regional abnormalities of the left ventricular wall and abnormal 
oesophageal function. In nine (14%) patients left ventricular and oesophageal function were 
normal (group C). Psychiatric morbidity was significantly less common in group A than in groups 
B and C and was similar in group B and group C. 

A definite abnormality of left ventricular function, oesophageal function, or psychiatric mor- 
bidity is present in a high proportion of patients with angina pectoris and normal coronary 
angiograms and in some instances this may lead to specific treatment. If quantitative assessment 
of left ventricular function is normal, oesophageal investigations should be performed. Endo- 
scopy of the upper gastrointestinal tract may demonstrate oesophageal disease, but, if findings are 
normal, oesophageal manometry and ambulatory oesophageal pH monitoring (including during 
treadmill exercise testing) should be carried out. 


Between 10% and 30% of patients referred for coro- 
nary angiography because of chest pain are found to 
have either normal coronary arteries or only minor 
narrowing of the coronary lumen.! ? It has been sug- 
gested that many of these patients have a non- 
cardiac cause for their chest pain, including 
oesophageal? * and psychosomatic abnormalities.? 
In 1974, Richardson et al reported seven patients in 
whom endomyocardial biopsy specimens showed 
features of congestive cardiomyopathy. We 
assessed left ventricular regional wall motion in 201 
patients with angina pectoris and normal coronary 


. angiograms and found that 35% had left ventricular 
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systolic dysfunction." Oesophageal function and left 
ventricular function, however, have not previously 
been investigated in the same group of patients. 

This prospective study was carried out on a series 
of patients presenting with typical angina pectoris 
who had completely normal coronary angiograms. 
Left ventricular function and oesophageal function, 
including oesophageal manometry and 24 hour 
oesophageal pH monitoring, were investigated. The 
patients were also assessed for evidence of 
psychiatric disorders. 


Patients and methods 


PATIENTS 
We studied 63 consecutive patients (40 women and 


. 23 men aged 30-68 (mean 47) years) with suspected 


coronary heart disease who had been referred to the 
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Regional Cardiac Unit, Wythenshawe Hospital, 
between January 1985 and June 1986 but in whom 
coronary angiography was normal. All patients com- 
plained of recurrent exertional chest pain which was 
typical of angina pectoris in its site, character, and 
radiation.) Their selective coronary angiograms, 
which had been performed in multiple views, were 
reviewed by three experienced observers and 
confirmed to be completely normal. Unlike many 
previous studies, we did not include patients with 
irregularities, even minor ones, on the coronary 
arteriogram. None of the patients had previously 
undergone any investigations of the gastrointestinal 
system. 


LEFT VENTRICULAR FUNCTION 

The left ventricular angiograms of all patients in this 
study showed satisfactory opacification of the cham- 
ber and the silhouettes could be traced. Only sinus 
beats that did not follow premature ventricular con- 
tractions were analysed. Three of the original 66 
patients were excluded because their angiograms 
were not suitable for analysis. The left ventricular 
end systolic and end diastolic volumes and ejection 
fraction were calculated by the single plane area- 
length method after correction for magnification.” 
Left ventricular regional wall motion was measured 
by the technique described by Leighton et al.'° The 
percentage of systolic shortening in seven hemiaxes 
(H,.;) was calculated as previously described." A 
hypokinetic segment was defined as a hemiaxis 
where the percentage of systolic motion was <2 SD 
from the normal mean. +° 


OESOPHAGEAL MANOMETRY 

We examined all patients by fibreoptic upper gastro- 
intestinal endoscopy with oesophageal biopsy before 
the oesophageal motility study. Oesophageal man- 
ometry was performed on a different occasion with 
an Arndorfer hydraulic capillary infusion system 
linked to a Lectromed multichannel pen recorder. 
All medication was discontinued 48 hours before a 
standard oesophageal manometric study.'!!? We 
measured the pressure of the lower oesophageal 
sphincter and the peristaltic activity of the 
oesophageal! body in response to 10 “wet swallows” 
(5cm? water bolus). Sixty one of the 63 patients 
were then given 80 ug/kg of edrophonium chloride 
intravenously!? '* and the manometric response was 
recorded, together with any symptoms experienced 
by the patients. 

The recordings were analysed blindly and 
interpreted according to previously reported normal 
values.!! !?!5!6 Oesophageal manometric abnor- 
malities included hypertensive lower oesophageal 
sphincter (230mm Hg), “nutcracker” oesophagus 
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(mean amplitude in distal oesophagus > 120 mm Hg 
or maximum amplitude > 200 mm Hg or both), pro- 
longed contractions (mean duration x6 seconds), 
repetitive contractions (at least three peaks), simul- 
taneous contractions (non-peristaltic), and man- 
ometric abnormalities associated with usual chest 
pain after intravenous edrophonium (positive edro- 
phonium challenge). 


OESOPHAGEAL PH MONITORING 

'The first 11 patients were referred for endoscopy 
and oesophageal manometry. Concern about possi- 
ble undiagnosed gastro-oesophageal reflux 
prompted 24 hour ambulatory intra-oesophageal pH 
monitoring in the next 52 patients.!" All medication 
was discontinued 48 hours before and for the 
duration of this investigation. Patients were given a 
diary card to record the times of any symptoms and 
of eating, drinking, going to bed, and getting up. 
They activated an event marker at these times. Dur- 
ing oesophageal pH monitoring the patients under- 
went symptom limited treadmill exercise testing by 
the standard Bruce protocol to determine whether 
exertional gastro-oesophageal reflux (pH <4) 
occurred. 

The oesophageal pH record was analysed blindly, 
and a *'score" was calculated as described by Jobn- 
son and DeMeester.'? This was derived by use of six 
components from the 24 hour oesophageal pH 
record, and a score greater than 21:5 was considered 
to be abnormal.!? 


PSYCHIATRIC ASSESSMENT 

All patients were assessed by an experienced 
psychiatrist who did not know the results of cardiac 
catheterisation (apart from the presence of normal 
coronary angiograms) or the oesophageal 
investigations. The patients underwent a standard- 
ised psychiatric interview, including the Clinical 
Interview Schedule.'? The details of the psychiatric 
assessment will be published elsewhere, but for the 
purpose of this study patients were designated 
broadly as having a normal or abnormal psychiatric 
state." 


STATISTICAL ANALYSIS 

We examined group differences by a one-way anal- 
ysis of variance and compared proportions by the y^ 
test. 


Results 


In 41 (65%) patients regional motion of the left ven- 
tricular wall was normal. The remaining 22 (35%) 
patients had a total of 50 hypokinetic segments 


(group A): 10 had one hypokinetic segment, three 
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Oesophageal manometric abnormalities in 31 patients with angina pectoris and normal coronary angiograms 





Manometric abnormality 





Repetitive contractions 
Prolonged duration of contractions 


Simultaneous contractions 
Nutcracker oesophagus 


Hypertensive lower oesophageal sphincter 
Positive edrophonium challenge 





No of patients Comment 
21% — 
19 18 had repetitive contractions, 
1* had no other abnormality 
10 7 hac repetitive contractions, 
3* had no other abnormality 
3* — 
2 Both had repetitive contractions 
6 3* had no other abnormality, 


1 had prolonged duration of contractions, 
1 had simultaneous contractions, 
1 had nutcracker oesophagus 





*Total of 31 patients with an oesophageal motility disorder. 


had two, three had three, five had four, and one 
patient had five. Of the 50 hypokinetic segments, 24 
were on the anterolateral wall (H, _,) and 26 on the 
inferior wall (H, .. ,). The mean (SD) left ventricular 
ejection fraction of patients with normal regional 
wall motion (55:4 (4:9)?5) was significantly higher 
than that of patients with hypokinetic segments 
(43:8 (5°7)%) (p < 0-001). 

In 28 (44%) patients the results of oesophageal 
manometry were abnormal (table 1). The most com- 
mon abnormality was repetitive oesophageal con- 
tractions which were usually associated with a 
prolonged mean duration of contractions. Figure 1 
shows an example of a normal manometric study and 
fig. 2 is a trace from a patient with repetitive 
oesophageal contractions. In six (10%) patients the 
usual chest pain developed when abnormal motility 
developed after intravenous edrophonium; however, 








three of them had an abnormal basal investigation. 
Therefore, a total of 31 (499) patients had abnormal 
oesophageal motility. 

Eleven (21%) patients had an abnormally high 24 
hour oesophageal pH score.'® Ten of these patients 
had gastro-oesophageal reflux during treadmill exer- 
cise testing. In nine of them reflux was associated 
with their usual chest pain. A further 13 (2595) 
patients had a normal 24 hour pH score but experi- 
enced chest pain coincident with gastro-oesophageal 
reflux during exercise testing. In each case, the onset 
of chest pain occurred between one and four minutes 
after the development of gastro-oesophageal reflux 
and resolved completely within five minutes of the 
oesophageal pH returning to >4. These 24 (46%, 
patients were considered to have gastro-oesophageal 
reflux disease.!" Nineteen of these 24 patients also 
had abnormal oesophageal motility (table 2). Eleven 





























Fig I 
swallows. D, distal oesophageal manometer; M, middle oesophageal manometer; P, proximal oesophageal manometer. 


Normal oesophageal motility with peristaltic contractions of normal amplitude and duration in response to 10 wet 
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Fig2 Abnormal oesophageal motility with repetitive contractions of abnormally long duration ( > 65) in response to 10 wet 
swallows. D, distal oesophageal manometer; M, middle oesophageal manometer. 


(4695) patients with gastro-oesophageal reflux dis- 
ease had both macroscopical and microscopical evi- 
dence of oesophagitis and one patient had 
microscopical evidence of oesophagitis. One patient 
with a normal oesophageal pH investigation was 
found to have macroscopical and microscopical 
oesophagitis and a further two patients had 
microscopical oesophagitis; all three patients had 
abnormal oesophageal manometry. 

An oesophageal abnormality was therefore dem- 
onstrated by manometry or pH monitoring in 36 
(57%) (group B) of the 63 patients studied. In 19 
patients both investigations were abnormal, in five 
patients only the pH monitoring was abnormal, and 
in 12 patients only the manometry was abnormal 
(including five of the 11 patients who did not 
undergo oesophageal pH monitoring). Four patients 
with an oesophageal abnormality also had abnormal 
regional motion of the left ventricular wall. Only 
nine (1495) patients (group C) had normal left ven- 
tricular function and normal oesophageal pH and 
manometry. 

Table 3 shows the results of the psychiatric assess- 
ment. Twenty seven (43%) of the 63 patients in the 
study were assessed as having a psychiatric disorder. 
Psychiatric morbidity was significantly less common 
in patients with left ventricular regional wall motion 
abnormalities than in patients with an oesophageal 
abnormality (p « 0-01) and patients with normal left 
ventricular and oesophageal function (p < 0-05). 


There was no difference, however, in psychiatric 
morbidity between patients with oesophageal abnor- 
malities and those with normal left ventricular and 
oesophageal function. 


Discussion 


Previous investigators of patients with “non- 
cardiac” chest pain have suggested that in some 
cases symptoms are caused by an oesophageal disor- 
der, including abnormal oesophageal motility?? ^ ?* 
and gastro-oesophageal reflux.*°?° Others have 
demonstrated a high frequency of psychiatric 
morbidity? and we have recently confirmed that 
some patients have evidence of left ventricular dys- 
function.’ Oesophageal function, left ventricular 
function, and psychiatric assessment have not pre- 
viously been examined in the same group of patients. 
Unlike the present investigation, many previous 
studies have included patients with atypical chest 
pain and patients who had not been demonstrated to 
have completely normal coronary angiograms. 

We found that 35% of patients had left ventricu- 
lar regional wall motion abnormalities; this resem- 
bles our previous experience.’ We found that 
regional abnormalities of wall motion were 
extremely uncommon in a control group of patients 
who did not complain of chest pain and had normal 
coronary angiograms but who did have trivial aortic 
valve disease.’ The patients with angina pectoris 


Table 2 Results of oesophageal manometry and endoscopy in 52 patients who underwent oesophageal pH monitoring 





Oesophageal manometry 


Endoscopy of upper gastrointestinal tract 





Gastro-oesophageal reflux disease (n = 24} 


5 normal manometry 
7 abnormal manometry 


Normal oesophageal pH study (n = 28) 


21 normal manometry 


19 abnormal manometry 


11 macroscopical and microscopical 
oesophagitis 

1 microscopical oesophagitis 

1 macroscopical and microscopical 
oesophagitis 

2 microscopical oesophagitis 


mn——————————————— annaia 


222 Schofield, Brooks, Colgan, Bennett, Whorwell, Bray, Ward, Jones 


Table 3 Psychiatric assessment in 63 patients with angina pectoris and normal coronary angiograms 
ooo 


Description 





Patients with left ventricular wall motion abnormality (n = 22) 
Oesophageal abnormality (pH and/or manometry) (n — 36) 


Normal left ventricular and oesophageal function (n = 9) 


Group Psychiatric assessment 

A 4 with psychiatric abnormality, 
18 without 

B 19 with psychiatric abnormality,* 
17 without* 

C 5 with psychiatric abnormality,t 
4 withoutt 


puxm————-————————————————— /'VVVVPÓv55E n eee 


* Significantly different from group A, p « 0-01. 
tSignificantly different from group A, p « 0-05. 


and normal coronary angiograms who had left ven- 
tricular dysfunction, demonstrated features during 
treadmill exercise testing that were suggestive of 
myocardial ischaemia’; they had a reduced exercise 
capacity," were more likely to experience chest 
pain,?? and had an abnormal ST segment response 
at an earlier stage of exercise?? than those with nor- 
mal left ventricular function. Patients with con- 
gestive cardiomyopathy often complain of chest 
pain, despite the presence of normal or large coro- 
nary arteries, and they have been found to have 
reduced coronary blood flow at rest and during car- 
diac pacing.*° No patient in this series had clinical 
or radiological evidence of cardiac failure. The 
patients with left ventricular dysfunction were dis- 
tinct from those with an oesophageal abnormality; 
only four (6%) patients had both disorders demon- 
strated. 

Although the results of oesophageal manometry 
were abnormal in many patients with non-cardiac 
chest pain,?? ^ ?* it has proved difficult to establish a 
temporal relation between symptoms and the abnor- 
mality. This has led to the use of provocation pro- 
cedures to induce the simultaneous occurrence of 
chest pain and oesophageal dysmotility; intravenous 
edrophonium is probably the safest and most effec- 
tive of these procedures.!? !* A temporal relation 
with symptoms was established in 24 (6795) of the 
36 patients in this study who had an oesophageal 
abnormality. In the remaining 12 patients the 
abnormalities only suggested that the oesophagus 
was responsible?? for the chest pain. As well as prov- 
ocation with intravenous edrophonium during 
oesophageal manometry we found that treadmill 
exercise testing during oesophageal pH monitoring 
helped to confirm the association between symptoms 
and gastro-oesophageal reflux.! " The mere presence 
of an oesophageal abnormality does not indicate a 
definite causal relation with the patient's chest 
pain.*! Although some studies indicate that disor- 
dered oesophageal motility is common in patients 
with coronary artery disease,?? *? these were studies 
of small numbers of patients who had oesophageal 


symptoms?? and had chest pain other than angina 
pectoris.? We investigated patients with angina 
pectoris and coronary artery disease and found a low 
prevalence of oesophageal motility disorder (< 10%, 
unpublished results). This result increases the like- 
lihood that there is a causal relation in those patients 
in whom the oesophagus is suspected as a cause of 
chest pain. 

There was no evidence of coronary artery spasm 
in patients in the present study; however, this is rare 
in patients with normal coronary arteries** and usu- 
ally produces rest pain rather than exertional chest 
pain.?? Rasmussen et al have recently demonstrated 
oesophageal spasm in a small number of patients 
with coronary artery spasm; some of their patients 
had important coronary artery disease.*° 

In the present study endoscopy of the upper gas- 
trointestinal tract with oesophageal biopsy found 
evidence of oesophagitis in 50° of patients who had 
an abnormality cf gastro-oesophageal reflux demon- 
strated by intra-oesophageal pH monitoring. This is 
similar to the experience of DeMeester et al? (39%) 
and de Caestecker et al?® (38%) and indicates that 
endoscopy is of limited sensitivity in detecting 
gastro-oesophageal reflux disease. 

Only nine (14% ) patients in this series had normal 
left ventricular function and normal oesophageal pH 
and manometry. Twenty seven (43%) of the 63 
patients had psychiatric morbidity. Bass et al 
assessed psychiatric morbidity in patients with and 
without coronary artery disease." ?? Twenty eight 
(6195) of 46 patients with normal or near normal 
coronary arteries had psychiatric morbidity com- 
pared with 12 (2395) of 53 patients with important 
coronary artery disease (7 509; obstruction in one 
or more vessels). 'They suggested that psychiatric 
morbidity in patients with normal or slightly dis- 
eased coronary arteries was more likely to be a cause 
rather than a consequence of chest pain. In this 
study, psychiatric morbidity was significantly less 
common in patients with left ventricular dys- 
function than in patients with an oesophageal abnor- 
mality or patients with normal oesophageal function 
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and normal left ventricular function. The presence 
of psychiatric morbidity does not, however, exclude 
the possibility of a left ventricular, an oesophageal, 
or both abnormalities as the cause of chest pain. 

Our findings indicate that patients with typical 
angina pectoris and completely normal coronary 
angiograms are heterogeneous in terms of the cause 
of their symptoms, and that a definite abnormality 
can be detected in a high proportion. If quantitative 
assessment of left ventricular function is normal 
oesophageal disease should be sought. We recom- 
mend endoscopy of the upper gastrointestinal tract, 
and that 1f no abnormality is detected oesophageal 
manometry and ambulatory oesophageal pH mon- 
itoring (including during treadmill exercise testing) 
should be performed. A similar policy was advised 
by de Caestecker eral,?9 whereas others have sug- 
gested that a psychiatric cause should be considered 
before oesophageal investigations are undertaken.?! 
We hope that accurate diagnosis will lead to effective 
treatment. 


'The work described is part of a study that will be 
submitted by PMS to the University of Manchester 
for the degree of Doctor of Medicine. 

We thank Mrs J Clarke, Mrs R Dodd, and Mrs D 
Massey for their help with the oesophageal 
investigations. 
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Intravenous streptokinase treatment and serum 
C-reactive protein in patients with acute myocardial 
infarction 
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Department of Medicine, University of Helsinki, Finland 


SUMMARY Serum concentrations of C-reactive protein were studied in 23 patients with acute 
myocardial infarction. In 14 patients who did not receive thrombolytic treatment there was a 
linear relation between infarct size (determined by serial creatine kinase-MB determinations and 
thallium-201 isotope emission tomography) and the C-reactive protein response. The correlation 
coefficient between the concentration-time integrals of creatine kinase-MB and C-reactive protein 
was 0-96. The correlation coefficient between the creatine kinase-MB concentration-time integral 
and the peak serum value of C-reactive protein was 0-93. In the nine patients who received 
intravenous streptokinase treatment there was also a positive correlation between the 
concentration-time integrals of creatine kinase-MB and C-reactive protein. The relation, how- 
ever, depended on the success of the treatment. In patients with successful reperfusion the 
C-reactive protein response was only approximately 20% of that in patients in whom reperfusion 
failed or who received no thrombolytic treatment and who were matched by infarct size. When 
thrombolysis was successful the correlation coefficient between the concentration-time integrals 
of creatine kinase-MB and C-reactive protein was 0-86. 

Daily measurement of serum C-reactive protein is useful in evaluating infarct size in patients 
with acute myocardial infarction who do not receive thrombolytic treatment. In patients treated 
with streptokinase C-reactive protein concentrations may be used to assess the success of 
thrombolysis. 


Infarct size is the most important single factor 
influencing prognosis after acute myocardial infarc- 


activity of serum creatine kinase-MB," but the cor- 
relation of C-reactive protein with infarct size has as 


tion,!? but its determination by clinical chemical 
means is difficult. Total releases of creatine kinase or 
its MB isoenzyme correlate well with the size of 
myocardial infarction? $ but are difficult to measure 
in routine clinical work. C-reactive protein is syn- 
thesised in the liver and its synthesis is stimulated by 
a number of diseases, including acute myocardial 
infarction.Ó It has been shown that the rise in C- 
reactive protein during infarction correlates with the 
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yet been little studied. We found that serum C- 
reactive protein may not rise in certain non-Q wave 
infarcts.” Most non-Q wave infarcts result from an 
acute temporary imbalance between myocardial oxy- 
gen supply and demand with rapid restoration of 
adequate perfusion.’ Rapid perfusion of an infarcted 
myocardium could diminish the stimulus for C- 
reactive protein synthesis in the liver by altering the 
development of the infarction. If this is the case, 
successful thrombolytic treatment of an acute myo- 
cardial infarct should have a similar effect. 

We studied serum concentrations of C-reactive 
protein in both streptokinase and non-streptokinase 
treated patients with acute myocardial infarction. 
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Patients and methods 


We studied 23 patients (mean (SD) age 56 (10) years) 
with a first acute myocardial infarction. The patients 
were selected for the study according to the follow- 
ing criteria: acute chest pain and arrival at the hospi- 
tal within four hours of onset of pain, diagnostic ST 
segment elevations in the first electrocardiogram that 
did not disappear after treatment with glyceryl tri- 
nitrate, and subsequent development into diagnostic 
Q waves. 

Nine patients (mean (SD) age 53 (7)) received 
high dose (1:8 million units) intravenous strepto- 
kinase given over an hour. In seven of the nine 
streptokinase treated patients reperfusion was 
considered successful as judged by indirect criteria 
of reperfusion: early peaking of total serum creatine 
kinase and creatine kinase-MB values (13 (2)h and 
11(2)h respectively), relief of chest pain, and 
improvement in electrocardiographic ST shifts. Six 
patients had arrhythmias typical of reperfusion. In 
two patients reperfusion was considered to have 
failed because of late peak values of creatine kinase 
(24 and 28h) and creatine kinase-MB (20 and 24h) 
and continuing chest pain after streptokinase 
infusion. Although indirect means were used to eval- 
uate the success of reperfusion, coronary angio- 
graphy was undertaken in all patients two to four 
weeks later. In the two patients in whom reperfusion 
was not considered to have taken place there was 
occlusion of the infarct related coronary artery, 
whereas in the others a variable degree of coronary 
atherosclerosis was noted but without occlusion of 
any of the coronary arteries. Because streptokinase 
treatment was not started in our hospital until after 
the start of the present study only nine patients were 
given streptokinase. 

Blood samples were taken immediately on arrival 
and 2 (when feasible), 4, 6, 8, 12, 24, 32, and 
48 hours after the onset of chest pain and then daily 
until discharge or for two weeks. The samples were 
analysed for total creatine kinase and creatine kinase- 
MB activities (reference values 0-250U/1 and 
0-25 U/l, respectively) as well as C-reactive protein 
concentrations (0-10 mg/L). The activity of creatine 
kinase was determined at 37°C according to the rec- 
ommendations of the Scandinavian Committee on 
Enzymes.!?!! The creatine kinase-M moiety was 
inhibited with M-specific antibodies’? and the 
remaining creatine kinase activity (creatine kinase- 
MB moiety) was determined at 37°C with the same 
reagents (from Boehringer Mannheim, Federal 
Republic of Germany) as in the assay of total creatine 
kinase. Total creatine kinase, creatine kinase-B, and 
C-reactive protein!? were measured with a Hitachi 
705 analyser (Oriola Oy, Espoo, Finland). 
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Thallium-201 isotope emission tomography with 
a rotating gamma camera (GE 400T Maxicamera, 
tomography software from Nuclear Diagnostics, 
Sweden) was carried out at rest during the second 
week after the onset of pain. The volume of 
infarction was calculated by a semiautomatic com- 
puter program from a set of short axis pictures. In 
this method an absolute scaling from a slice (with a 
thickness of 13 mm) was first carried out. Then the 
estimated inner and outer contours of the left ventri- 
cle and the contour of the intact myocardium were 
delineated. The difference between these areas was 
taken to represent the scar tissue in this particular 
slice of heart. The total volume of the infarct in 
millilitres was then estimated by summing the 
results from all slices. 

We used regression analysis and calculation of the 
correlation coefficient for statistical analysis. 


Results 


In all patients (both those treated conventionally and 
those treated with streptokinase) there was a good 
correlation between the areas under the creatine 
kinase-MB curves (concentration-time integral) and 
the results of thallium-201 isotope emission tomo- 
graphy (r = 0-72; p < 0-001; fig 1) and the relation 
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Fig 1 Relation between creatine kinase-MB ( CK-MB) 
concentration-time integral (U/l x days) and defect (ml) 
estimated by thallium-201 isotope emission tomography. 
@, conventionally treated patients; C], streptokinase 
treated patients with reperfusion; Wi, streptokinase treated 
patients without reperfusion. The correlation coefficient of 
the data from all patents is 0-72 (p < 0-001) and the 
equation of the regression line is y = 3 6x + 160 
(p < 0-001). 
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Fig 2 Relation between C-reactive protein (CRP) 
concentration-time mtegral (mg/l x days) and creatine 
kmase-MB (CK-MB) concentration time integral (U/l x 
days). @, conventionally treated patients; (|, streptokinase 
treated patients with reperfusion; Wi, streptokinase treated 
patients without reperfusion. The correlation coefficient for 
the data from the conventionally treated patients was 0-96 
(p < 0-001) and the equation of the regression line (the 
upper line in the figure) is y = 1:8x — 72 (p < 0:001). 
The correlation coefficient for the data from the patients 
with a successful streptokinase treatment 1s 0-86 
(p < 0:05) and the equation of the regression line (the 
lower line in the figure) is y = 0-4x — 40 (p < 0-05). 
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Fig 3 Relation between C-reactive protein (CRP) 
concentration-time integral (mg/l x days) and defect (ml) 
estimated by thallium-201 isotope emission tomography. 

@, conventionally treated patients; C), streptokinase 
treated patients mth reperfusion; W, streptokinase treated 
patients without reperfusion. The correlation coefficient for 
the data from conventionally treated patients is 0-69 

(p < 001) and the equation of the regression line (the 
upper line in the figure) is y = 7-2 x 156 (p < 0-01). 
The correlation coefficient for the data from the patients 
with a successful streptokinase treatment ıs 0 67 (NS) and 
the equation of the regression hne ts y = 1.2x + 32 (NS). 
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did not depend on the success of streptokinase 
treatment. 

In those patients who were not given streptokinase 
treatment the peak serum values of creatine kinase- 
MB and C-reactive protein correlated positively 
with each other (r = 0-89; p < 0-001). The correla- 
tion was improved if concentration-time integrals 
were used instead of peak serum concentrations 
(r = 0-96; p < 0-001, fig 2). The peak value of serum 
C-reactive protein correlated with the concentra- 
tion-time integral of creatine kinase-MB at least as 
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Fig 4 Change in concentrations of serum C-reactive 
protein (CRP) and creatine kinase-MB (CK-MB) uith 
time after the onset of chest pain m three patients with an 
anterior wall myocardial infarction. @, a conventionally 
treated patient; [ ], a streptokinase treated patient with 
reperfusion; Wi, a streptokinase treated patent eithout 
reperfusion. The volumes (ml) of defects estimated by 
thallium-201 isotope emission tomography were 106, 112, 
and 119 and the concentration-rme integrals of creatine 
kmase-MB (U/l x days) ware 571, 585, and 549 
respectively. 
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well as the peak value of serum creatine kinase-MB 
itself did (r = 0-93 and 0-91, respectively). The cor- 
relation between the peak C-reactive protein value 
and C-reactive protein concentration-time integral 
was 0-96. There was also a positive correlation 
between the thallium-201 isotope emission tomo- 
graphy results and the C-reactive protein response 
(r = 0:69; p < 0-01; fig 3). 

If the patients were treated with intravenous 
streptokinase and reperfusion was achieved the 
C-reactive protein response was less than 20% of 
that in patients who did not receive thrombolytic 
treatment and were matched by infarct size accord- 
ing to creatine kinase-MB concentration-time inte- 
gral and thallium-201 isotope emission tomography 
defect (figs 2 and 3). There was still a positive cor- 
relation between infarct size and the C-reactive pro- 
tein response. If reperfusion was not achieved the 
response of C-reactive protein was similar to that in 
patients not treated with streptokinase (figs 2 and 3). 

Figure 4 shows the C-reactive protein and creatine 
kinase-MB curves of three patients with an anterior 
wall myocardial infarction matched by infarct size 
according to thallium-201 emission tomography 
defect and creatine kinase-MB concentration-time 
integral. This shows that the C-reactive protein 
responses of the patients in whom there was no rep- 
erfusion were similar, whereas the patient with suc- 
cessful reperfusion showed hardly any C-reactive 
protein response despite his large infarct. The 
patient with successful reperfusion felt considerably 
better than the other two in the first three days after 
infarction. Indeed, successful thrombolytic treat- 
ment tended to be associated with clinical wellbeing 
even if infarct size was not reduced. This sense of 
wellbeing seemed to correlate with the reduction in 
the rise in serum C-reactive protein concentration 
that was associated with the acute phase of 
infarction. 


Discussion 


The present study assessed the value of serum C- 
reactive protein as an estimate of infarct size. Like 
De Beer et al? we found a good correlation between 
the peak serum concentrations of creatine kinase- 
MB and C-reactive protein in patients not receiving 
thrombolytic treatment. The correlation was 
improved and the scatter was reduced if con- 
centration-time integrals were used instead of peak 
values. Previous studies have shown that the 
concentration-time integral of creatine kinase-MB is 
a reliable estimate of infarct size.? ^? We too found 
that the concentration-time integral of C-reactive 
protein correlated well with the results of thallium- 
201 isotope emission tomography. 
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It is not convenient to calculate concentration- 
time integrals in routine clinical work or to sample 
blood often enough to determine reliably the peak 
serum concentration of creatine kinase-MB, which is 
usually reached 8—30h after the onset of an acute 
myocardial infarct, !* Serum C-reactive protein rises 
more slowly in the course of acute myocardial 
infarction? and according to our present and pre- 
vious results? routine daily blood sampling seems to 
permit reliable detection of its peak serum concen- 
trations. The good correlation between the peak 
serum value of C-reactive protein and its 
concentration-time integral means that peak values 
are a useful way of estimating infarct size by labora- 
tory means. Conditions other than myocardial 
infarction raise the concentration of serum C- 
reactive protein® and these may occasionally inter- 
fere with the determination of infarct size. This was 
not a problem in our patients. Although some non-Q 
wave infarcts are not associated with a rise in C- 
reactive protein, we do not think that this will lessen 
the value of the determination of C-reactive protein 
in acute myocardial infarction. 

In patients treated with intravenous streptokinase 
the rise in serum C-reactive protein depended on the 
success of thrombolysis as well as the infarct size. 
When reperfusion was successful there was only a 
modest rise in serum C-reactive protein even if the 
resultant myocardial infarction was large as judged 
by creatine kinase-MB concentration-time integral 
and the defect displayed by thallium-201 isotope 
emission tomograpby. With the possible exception 
of the smallest myocardial infarcts the measurement 
of serum C-reactive protein seems to permit the suc- 
cess of reperfusion after intravenous streptokinase 
treatment tp be evaluated. 

The reason for the modest response of C-reactive 
protein after successful thrombolytic treatment is 
not at present clear. When thrombolysis was not 
successful, the behaviour of serum C-reactive pro- 
tein was similar to that in patients who had not 
received streptokinase treatment. This makes it 
unlikely that streptokinase itself or fibrinogen 
degradation products influenced the synthesis of 
C-reactive protein in the liver. Serum C-reactive 
protein does not rise in certain non-Q wave infarcts 
with features of subendocardial infarcts.? It has been 
postulated that an adequate coronary blood flow 1s 
often rapidly restored in subendocardial infarcts?: a 
situation resembling a successful reperfusion with 
streptokinase. It may be that a rapid reperfusion of 
the infarcted myocardium changes the evolution of 
infarction in such a way that the usual acute phase 
reaction does not take place. This may have clinical 
implications, and, indeed, the patients with reper- 
fusion by intravenous streptokinase fared much 
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better clinically than those with no reperfusion or 
thrombolytic treatment. This was true even if the 
patients were matched by infarct size as determined 
by the creatine kinase-MB concentration-time inte- 
gral and the defect measured by thallium-201 isotope 
emission tomography. A more detailed study of the 
effect on the acute phase reaction on the clinical 
outcome seems warranted. 


This study was supported by a grant from the 
Scientific Foundation of the City of Tampere. 
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Total body electrolyte composition in patients with 
heart failure: a comparison with normal subjects and 
patients with untreated hypertension 
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SUMMARY Total body elemental composition was measured in 40 patients with well documented 
heart failure who were oedema-free on digoxin and diuretics. The results were compared with 
values for 20 patients with untreated essential hypertension matched for height, weight, age, and 
sex. Total body potassium alone was also measured in 20 normal subjects also matched for 
anthropomorphic measurements. Patients with hypertension had a very similar total body potas- 
sium content to that of normal subjects, but patients with heart failure had significantly reduced 
total body potassium. This could not be explained by muscle wasting because total body nitrogen, 
largely present in muscle tissue, was well maintained. When total body potassium was expressed 
as a ratio of potassium to nitrogen mass a consistent depletion of potassium was revealed in the 
group with heart failure. Potassium depletion was poorly related to diuretic dose, severity of heart 
failure, age, or renal function. Activation of the renin-angiotensin-aldosterone system was, how- 
ever, related to hypokalaemia and potassium depletion. Such patients also had significantly lower 
concentrations of serum sodium and blood pressure. Serum potassium was related directly to 
total body potassium. Despite the absence of clinically apparent oedema total body chlorine was 
not consistently increased in heart failure, but the calculated extracellular fluid volume remained 
expanded in the heart failure group. Total body sodium was significantly increased in patients 
with heart failure, but less than half of this increase could be accounted for by extracellular fluid 
volume expansion. 

Potassium depletion in heart failure may account in part for the high frequency of arrhythmias 
and sudden death in this condition. 


After many years of debate there is still controversy 
about the prevalence, extent, and relevance of potas- 
sium depletion in patients treated with diuretics for 
heart failure. 5 Reports of reduced body potassium 
in such patients have been attributed to lack of good 
control data or to muscle wasting in “‘cardiac cache- 
xia,"! Some of the difficulty may have arisen 
because of the absence of a definitive diagnosis of 
heart failure, which has largely been resolved by new 
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diagnostic techniques, in particular echocardio- 
graphy. Also, the measurement of total exchange- 
able potassium requires a prolonged equilibration 
time after the administration of radioactive tracers 
and this can introduce inaccuracies.) Measurement 
of total body potassium by the endogenous “°K iso- 
tope avoids this difficulty. It is also difficult to define 
adequate control groups for comparison. Body ele- 
mental composition is highly dependent on body 
mass, adiposity, age, and sex.? Control groups have 
rarely been adequately matched with patients in 
heart failure, nor have appropriate corrections usu- 
ally been made. 

Patients with severe heart failure have a poor 
prognosis, the one year survival for a patient with 
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New York Heart Association grade III heart failure 
being approximately 60%.° !? Interest in potassium 
depletion in heart failure was renewed by the obser- 
vation that potassium depletion can be corrected, 
arrhythmias reduced, and possibly prognosis 
improved by angiotensin converting enzyme 
inhibitors.!! 12 
The technique of in vivo total body neutron acti- 
vation analysis performed on the same day for all 
elements also has allowed us to measure total body 
sodium, chlorine, phosphorus, calcium, and nitro- 
gen. Nitrogen is an index of protein 
mass'?—muscle, collagen, and the viscera being the 
major sites of this element.'* Measurement of body 
nitrogen allows us to correct for leanness. In vivo 
neutron activation analysis requires a dose of radi- 
ation that cannot be justified in normal subjects. We 
used endogenous *°K measurements followed by 
activation analysis to assess body composition in 
: untreated patients with essential hypertension,!* 
which does not differ from normal values. We have 
also measured total body potassium in a large series 
of normal subjects and found no difference from the 
mean value in patients with untreated essential 
hypertension who were matched for age and 
sex.t©17 We have therefore compared patients 
treated for heart failure with diuretics and digoxin 
with patients with untreated essential hypertension 
and with normal subjects matched for height, 
weight, age, and sex. 


Patients and methods 


PATIENTS 
F Forty patients referred to the cardiac department for 
x further investigation and treatment of heart failure 
were compared with 20 subjects without evidence of 
cardiac or other disease and 20 patients with 
untreated essential hypertension. Heart failure was 


confirmed by the measurement of a raised left ven- 
tricular end diastolic pressure (7 16mm Hg) and 
poor stroke volume on left ventricular cineangio- 
graphy, with a fractional shortening on M. mode 
echocardiography of less than 20% (14 (3)%, mean 
(SEM)) and end diastolic dimension greater than 
6 cm (6-4 (0-2) cm). The aetiology of cardiac failure 
was ischaemic heart disease in 20, idiopathic (dilated 
cardiomyopathy in 17, and severe residual left ven- 
tricular dysfunction after successful valve replace- 
ment in three (two aortic, one mitral and aortic). 
Nine were in early heart failure (New York Heart 
Association class IV) but did not suffer undue 
orthopnoea, 18 in class III, and 13 in class II. All 
patients had received at least 80 mg/day of frusemide 
(mean 147 (13) mg/day) for more than three months 
(mean (SEM) duration 11 (5) months). In addition 
to frusemide, five were taking bendrofluazide 
5-10 mg/day. Twelve were taking potassium chlo- 
ride in a mean daily dose of 2-1 (0-1) g, but none was 
taking potassium-sparing diuretics. 

Table 1 shows the mean blood pressure in the 
groups with hypertension and heart failure. All 
those with hypertension were symptom free without 
clinical, biochemical, or radiological -features of 
heart failure, aortic coarctation, Cushing’s.-syn- 
drome, primary hyperaldosteronism, renal disease, 
or phaeochromocytoma. Any previous treatment 
had been withdrawn at least four weeks before the 
measurements were made. 
METHODS 
We measured nude weight and height in each sub- 
ject. Blood pressure was recorded in supine patients 
by a standard sphygomomanometer with phase V as 
the diastolic pressure. Total body potassium was 
measured by whole body counting of endogenous 
40 before irradiation.!? 

Total body sodium, chlorine, calcium, phos- 


Table 1 Comparison of total body potassium in normal subjects and in patients with hypertension and heart failure 





Normal (16M/20F) Hypertension (15M]20F) Heart faure (32M|40F) 
Mean S. Range 
Heart Heart Heart 
Normal Hypertension failure Normal Hypertension failure Normal Hypertension failure 
Age (years) 52 53 56 3 3 1 31-72 30-71 28-64 
Height (cm) 170 168 167 2 2 1 154-184 151-186 146-180 
Weight (kg) 69 69 68 2 3 2 47-92 44-109 45-88 
Total body 
Teal body (mmol) 3208 3250 2831*f 131 171 93 2315-4274 2043-4951 15184031 
o 
nitrogen (g) 1642 1640 1688 51 59 49 = 1239-2093 1128-2109 1090-2285 
Total body 
potassium nitrogen 
~ ratio (mmol:g) 195 197 1 68f§ 0-04 005 003 1 67-2 35 154-2 35 1:34-2:09 





*p 0 02 vs normal; 1p 0 05 vs hypertension; 1p 0 0001 vs normal; §p 0 0001 vs hypertension. 
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phorus, nitrogen, and oxygen were measured simul- 
taneously by activation with 14 MeV neutrons fol- 
lowed by whole body counting!? ?5 in the two 
patient groups only. The radiation dose was not 
justified in normal subjects. In normal subjects total 
body nitrogen was predicted from anthropomorphic 
measurements. During total body in vivo neutron 
activation analysis (TBIVAA) the patient lay on a 
bed which was driven between two neutron gener- 
ators and received a radiation dose equivalent of 
1 rem (10 mSv) at the body surface. Induced radio- 
activity was then measured in a high sensitivity 
shadow shielded whole body counter by two sodium 
iodide detectors with repeated counting scans for up 
to 30 minutes after irradiation. The calibration and 
reproducibility of these measurements are described 
elsewhere, but replicate measurements are generally 
within 39.19 ?! ?? Values are expressed in mmol for 
sodium, potassium, and chlorine; in grams for cal- 
cium, phosphorus, and nitrogen, and in kilograms 
for oxygen. Values were also expressed as a per- 
centage of the predicted normal. The normal values 
for total body potassium are predicted from those 
obtained by Boddy et al,!? in a large series of normal 
subjects at our own facility, and based on height, 
weight, age, and sex. To predict total body sodium 
and calcium we used equations derived from neu- 
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tron activation analysis measurements in normal 
subjects made by Ellis ez al?“ ? that relate total body 
in vivo neutron activation analysis measurements to 
height, weight, age, and sex. Equations for the pre- 
diction of total body chlorine values were based on 
measurements of extracellular fluid volume made 
with radioactive bromine.75 Extracellular fluid vol- 
ume was calculated from total body chlorine and 
serum chloride.?? “Dry” weight also was estimated 
for the heart failure group by correcting their weight 
to the same extracellular fluid volume per kg as the 
hypertensive group. Predicted values for total body 
nitrogen were derived from the formula N (g) = 322 
x height? +81 in hypertensive subjects; this is 
regarded as an accurate method of prediction.!? 
Potassium was also expressed as mmol/g of nitrogen 
as suggested by Burkinshaw and Morgan.?? 

Since phosphorus was not measured in normal 
subjects, and as the amounts of calcium and phos- 
phorus are normally closely related, the ratio (P/Ca) 
was used.!5 'Total body oxygen in normal subjects 
has not been measured by this technique. 

Blood was drawn at 9am from fasting patients 
who had been supine overnight and again at 4pm in 
patients who had been supine for 30 minutes. 
Sodium, potassium, chloride, urea, creatinine, and 
phosphate were measured and the results were 


'Table2 Comparison of measurements in patients with hypertension and heart failure 





Hypertension 

Weight (kg) 69 (3) 
Mean blood pressure (mm 126 (3 
Serum sodium (mmol/l) 141 m 
Serum potassium (mmol/l) 42 (0-1) 
Serum chloride (mmo 102 (1) 
Serum bicarbonate (mmol/T) 21 5 (0-5) 
Serum urea (mmol/l) 47 (0-3) 
Sena creatinine (aree 90 (3) 

rea:creatinine rati 51 7 (0-2) 
PARC tard oo ü T" 4 n 

(pmo! 23 (1 

Plasma Penes qui 331 (32) 
Total body crete ag ae 3250 (171) 
Total body potassium (%) 103 (89-110) 
Total body nitrogen 1640 (59) 
Total body nitrogen (%) 100 (92-117) 
Total body potassium nitrogen (mmol:g) 197 (005) 
Total body ium.nitrogen (%) 103 (97-108) 
Total body sodium one 3160 (113) 
Total body sodram (%) 98 (89-104) 
Total body chlorine (mmol) 1697 (70) 
Total body chlorine (%) 96 (86-110) 
Extracellular fluid volume (ml) 16 7 (06) 
Extracellular fluid volume (ml/kg) 242 (9) 
Total body cal 60 (37) 
Total body calcium (95) 98 (89-112) 
"Total body phosphorus (g) 534 (20) 
Total body phosphorus:calcium (g:g) 0 56 (0-01) 


Heart failure P 
68 (2) 67 (3) 
(corrected for ECF) NS 
94 (3) « 0001 
138 (1) < 005 
3-6 (0 1) « 0005 
98 (1) «005 
29-3 (0-4) < 0-02 
6-6 (0 4) < 0005 
102 (4) < 005 
64-4 (2-7) « 0005 
21* (46) « 0005 
:9) « 0005 
729 (117) « 0-005 
31 « 0-05 
95 (67-117)* « 001 
1688 (49) NS 
106 (86-133)t NS 
1-68 (0-03) « 00001 
91 (74-1061 «0001 
(88) « 005 
108 (92-129) « 0001 
1748 (55) NS 
104 (87-142) NS 
17 9 (0 5) NS 
266 o « 0:02 
998 (23) NS 
106 (83-121)f NS 
542 (13) NS 
0-54 (0 01) < 0-02 


ECF, extracellular finid volume; "a percentage of normal predicted; PARC, plasma active renin concentration 


Tia h Tp < e 001 compared with predicted normal 


(see text) 
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expressed as the mean of the two values. Plasma con- 
centrations of active renin, angiotensin II, and 
aldosterone were measured in the 9 am sample.?9~ 3? 


STATISTICAL ANALYSIS 

For group analysis we used Student's rtest or the 
Wilcoxon rank sum test for non-parametrically dis- 
tributed variables. Results for patients with heart 
failure and hypertension were expressed as the ratio 
of calculated to predicted normal, 100% represent- 
ing no difference between calculated and predicted 
values. A single parameter t test was used to test for 
systematic deviation from predicted values. We used 
a 5% level of significance. Correlations were per- 
formed by the method of least squares for variables 
with bivariate normal distribution and by Spear- 
man's rank correlation for non-parametrically dis- 
tributed data. 


Results 


ANTHROPOMORPHIC MEASUREMENTS (TABLE 1) 
The normal subjects and patients with hypertension 
and heart failure were similar with respect to height, 
weight, age, and sex. Subgroups of heart failure 
patients with normal and raised renin were similar, 
and neither group differed from the normal or 
hypertensive group. The similarity in weight per- 
sisted even when the weight of the heart failure 
groups was corrected for the higher extracellular 
fluid volume (table 2). 


BLOOD PRESSURE (TABLE 2) 

Though the blood pressure in the hypertensive 
group was not greatly raised (170 (3)/105 
(3)mm Hg) mean blood pressure was significantly 
greater than in those with heart failure (132 
(2)/78(1)). 


SERUM ELECTROLYTES (TABLE 2) 

Serum sodium, potassium, and chloride were 
significantly higher in those patients with hyper- 
tension, while serum bicarbonate, urea, and cre- 
atinine were higher in those with heart failure. 


HORMONES (TABLE 2) 

Plasma concentrations of active renin, angiotensin 
II, and aldosterone were considerably higher in sub- 
jects with heart failure. Only two subjects with 
hypertension had plasma active renin concentration 
outside the normal range compared with 26 patients 
with heart failure. 


TOTAL BODY COMPOSITION (TABLES 1-3) 

Total body potassium was lower in patients with 
heart failure than in normal controls, the hyper- 
tensive group, and the predicted normal values. 
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Total body potassium was normal in the hyper- 
tensive group as previously reported. Mean total 
body sodium was normal in the hypertensive group 
but raised in the group with heart failure compared 
with the hypertensive group or with predicted nor- 
mal values. Total body chlorine was not significantly 
different in the two groups and did not deviate 
significantly from the predicted value. Although 
total extracellular fluid volume was similar in hyper- 
tensive patients and patients with heart failure, 
when results were corrected for body weight, 
patients with heart failure had a significantly 
expanded volume despite being free from clinically 
apparent oedema. Total body calcium was higher in 
patients with heart failure but the value for phos- 
phorus was similar in both groups of patients. The 
ratio of phosphorus to calcium was consequently 
lower in the patients with heart failure. 

Absolute values for total body nitrogen were simi- 
lar in the heart failure group, normal controls, and 
hypertensive patients. When expressed as a per- 
centage of predicted normal, nitrogen values were 
increased only in the heart failure group. The 
difference in potassium expressed in mmol/g of 
nitrogen was thus highly significant; values were 
much lower in those with heart failure. After cor- 
rection for nitrogen values subjects with heart fail- 
ure were approximately 12% depleted of potassium 
compared with hypertensive patients. 


COMPARISON OF SUBGROUPS OF CARDIAC 
FAILURE PATIENTS WITH LOW OR NORMAL 
RENIN CONCENTRATIONS AND THOSE WITH 
RAISED CONCENTRATIONS (TABLE 4) 

We used a cut off point of 50 ;U/ml for plasma 
active renin concentration; this was the upper limit 
of normal for our laboratory. Subjects in each group 
were well matched for anthropomorphic mea- 
surements, though the high renin group had an 
excess of men. The patients with high plasma renin 
(n — 26) had correspondingly high plasma concen- 
trations of angiotensin II and aldosterone. There 
was no difference in the severity of heart failure or 
diuretic requirements between the groups. Total 
body and serum potassium, serum sodium, and 
mean blood pressure were all inversely related to 
plasma renin (figs 1—4). Potassium supplements 
were significantly greater in those subjects with low 
serum potassium and raised plasma renin. Extra- 
cellular fluid volume was not contracted in those 
with a high plasma renin. Only two hypertensive 
patients had raised plasma renin. 


CORRELATIONS BETWEEN SERUM AND TOTAL 
BODY ELECTROLYTES 
Serum and total body potassium (expressed as a per- 
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Table3 Total body oxygen in patients with hypertension and patients with heart failure 











Hypertension Hear: failure P 
No E 7 2 f dd 
Total body oxygen (kg) 42-9 (3-0) 36 0 (2-3 <0 
Total body oxygen (%) 104 (5-1 12) 93 (76-109) « 001 
Total body oxygen body weight) 0 59 (0-05) 0-54 (0-07) < 001 
TBK/TBO ( : 80 (5) 79 (9) NS 
TBNa/TBO (mmo 79 (8) 95 (S) «0001 
'TBO, total 3 TBK, total potassium; TBNa, total body agar %, percentage of predicted normal. 


Table 4 Comparison of measurements in patients with heart failure and with normal or high renin concentrations 





Renin <50pU/ml 


Proportion of men to total 9/14 
Age ) 58 (1) 
Height (cm) 163 (3) 
Weight (kg) 67 (3) 
3 (2-4) 
Frusemide (mg/day) 124 (16) 
ents 
Potassium chloride (| ) 343 (0-1200) 
Mean blood pressure (mm Hg) 109 (4 
sodium (mmol/l) 141 (1 
Serum potassium (mmol/l) 40(01) 
Serum chloride ( f/f 100 (1) 
bicarbonate (mmo 29 (1) 
Serum urea (mmol/l) 6:2 (0-4) 
yD 101 (7) 
Urea: ini 60 P 
PARC Gujan in II (pmol/l) 2 8 
Plasma ductus l 272 fos 
Total body potassium (% 105 (95-117)* 
Total body nitrogen (96) 109 (90—133)* 
Total body potassium:nitrogen (mmol:g) 1-78 (0-05) 
To potassium:nitrogen (96) 97 (94-1 
Total body sodium (96) 110 (96-129)* 
Total body chlorine (95) 107 (88-142) 
Extracellular fluid volume (ml/kg) 260 (9) 
Total body calcium (95) 106 (86-118) 
Total body phosphorus:calcium 0 54 (0-01) 
Total body oxygen (kg/kg body weight) 0-53 (0-05) 


Renin > 50 pU/mi P 

23/26 NS 

55 (2) NS 

168 (1) NS 

68 (2) NS 

3 (2-4) NS 

158 (18) NS 
patients 

re « 20 

87 (2 « 0001 

137 (1) < 001 

3:5 (0-1) « 0001 

97:2) NS 

29 (1) NS 

6-8 (0-6) NS 

103 (5) NS 

70 (2) NS 

313 (62) 

87 (12) « 0001 
5 (160) « 0001 

91 eerie « 001 

103 (B6-116)* NS 

1 63 (0-03) < 0-01 

88 (74—98)t « 001 

105 ae NS 

103 (87-120 NS 

270 (9) NS 

104 (83-121)* NS 

0-59 (0 oe) NS 

0 54 (0 08 NS 





NYHA, New York Heart Association class; 95, percentage of normal predicted; PARC, plasma active renin concentration. 
). 
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Fig 1 Relation between plasma active renin concentration 
(expressed on a lag scale) and serum potassium in patients 
with heart failure. {r = —0-S7; p < 0-001; n = 40). Two 
points in the central cluster of the diagram completely overlap 
and only 38 points are actually visible. 
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Fig2 Relation between plasma active renin concentration 
(expressed on a log scale) and total body potassium 
(expressed as a percentage of prediced normal) in patients 
with heart failure. ( Spearmam's R = —0-51; p < 0-01; 
n= 38). 
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Fig 3 Relation between plasma active renin concentration 
(expressed on a log scale) and mean blood pressure in 
patients with heart failure. (r = — 0-76; p < 0-001; 

n= 40). 
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‘Fig 4 Relation between plasma active renin concentration 
(expressed on a log scale) and serum sodium sn patients with 
heart failure. (r = —0-67; p < 0-001; n = 40). 
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-5 -5 0 
Total body potassium (*.) 
Fig5 Relation between total body potassium (expressed as 
a percentage of predicted normal and serum potassium in 
patients with heart failure. ( Spearman's R = —0-72; 
p «0:001; n = 38). 


centage of predicted normal) were significantly cor- 
related (r = 0-72; p < 0-001) (fig 5) and this relation 
was maintained after correcting total body potas- 
sium for total body nitrogen (r = 0-75; p « 0-001). 
The relation appeared linear over the measured 
range. À similar relation was not observed in the 
group with hypertension (r = 0-1; NS and r= 0-35 
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NS). Serum sodium (r= 0-1 heart failure and 
r = 0-36 hypertension) was not significantly related 
to total body sodium (percentage of predicted nor- 
mal) but serum chloride was related to total body 
chlorine (percentage of predicted normal (r = 0-34; 
p < 0-05 heart failure and r = 0-59; p < 0-01 hyper- 
tension), 


Discussion 


HYPERTENSION 

Hypertensive subjects have similar mean values for 
body element composition as normal subjects.!5 16 
The present study confirmed that total body potas- 
sium in normal subjects and in those with untreated 
essential hypertension were similar. Older patients 
with hypertension (> 49 yrs) do tend to have raised 
body sodium which positively correlated with their 
blood pressure while younger patients (<36 yrs) 
have reduced body sodium and potassium which 
correlates inversely with their blood pressure.!5 17 
However, our hypertensive group, of an inter- 
mediate age, appeared to have a body composition 
that was similar to predicted normal for all elements 
measured. The limited range of values for serum and 
total body electrolytes in the hypertensive and nor- 
mal groups compared with the heart failure group 
reduces the probability of finding significant 
relations. Chlorine, which is largely present in the 
extracellular space,?^ did relate to serum concen- 
trations of chloride. Potassium, a largely intra- 
cellular electrolyte, and sodium, much of which is 
present in bone?? and so not freely exchangeable 
with the extracellular pool, were poorly related to 
serum concentrations. 

The extracellular fluid volume in our hyper- 
tensive patients accorded well with reported figures, 
and in untreated hypertensive subjects seems to be 
similar to normal.?? 'The numbers with raised con- 
centrations of plasma active renin in this study are 
too small to analyse the effects of this system on 
body composition. 


HEART FAILURE 

The present study clearly shows that total body 
potassium depletion does occur in patients with 
heart failure treated with digoxin and diuretics. 
Others have argued that potassium depletion in such 
patients is due to cachexia and a loss of protein 
(nitrogen) mass.!!* Our study demonstrates that 
this is not the case, and in fact the tendency to higher 
body calcium and nitrogen suggests that adipose tis- 
sue may be preferentially lost in subjects with heart 
failure, with relative preservation of lean body mass. 
Indeed the percentage of body weight consisting of 
fat was lower in elderly subjects with heart failure 
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than in age matched controls.?^ James etal have 
argued that potassium depletion in cachectic 
patients is due to a loss of cellular nitrogen mass with 
preservation of collagen nitrogen mass, and that this 
accounts for the fall in potassium in relation to nitro- 
gen in wasting diseases.!* They did not, however, 
specifically study patients with heart failure. 
Although Burkinshaw and Morgan noted a fall in 
potassium in relation to nitrogen in heart failure, 
they too were unable to distinguish between relative 
changes in collagen and cellular nitrogen because 
their control groups differed markedly from the 
study group.”® Our groups were well matched for 
height, weight, age, and sex and also had very simi- 
lar total body nitrogen. If cell mass had been lost 
nitrogen values were likely to have fallen even if col- 
lagen nitrogen mass was preserved. Further support 
for a true depletion of potassium rather than a 
change in cellular mass comes from recent evidence 
that the total body potassium deficit can be corrected 
without a change in total body nitrogen by use of 
angiotensin converting enzyme inhibitors, which 
suppress angiotensin II mediated aldosterone secre- 
tion.'335 However, amiloride and spironolactone 
did not correct total body potassium deficits.?9 37 
Others have reported only a poor non-linear 
relation between serum potassium and total body 
potassium.®°® In our series, where diagnosis was 
tightly defined and treatment well documented and 
uniform, we found a good and apparently rectilinear 
relation between serum and total body potassium 
over the measured range. Multiple blood sampling 
may improve this relation. Diurnal variation in 
potassium concentration?? is likely to be exagger- 
ated by diuretic treatment. Total body potassium 
would not be expected to respond in such a rapid 
manner. Unfortunately multiple samples were not 
available in hypertensive patients and this may be 
one reason for the poorer relation observed in those 
cases. 
Diuretic treatment may not be the only expla- 
nation for potassium depletion; when patients with 
high and normal or low plasma active renin concen- 
tration were compared, only the former were 
significantly potassium depleted, though the 
diuretic dose was very similar in the two groups. 
After appropriate corrections for nitrogen, however, 
a small reduction in potassium was detected in the 
subgroup with low plasma concentrations of active 
renin. Potassium supplements were also greater in 
the high renin/low potassium subgroup; this is com- 
patible with the view that potassium supplements 
are ineffective in correcting diuretic-induced potas- 
sium depletion. ^? Stimulation of the renin- 
angiotensin-aldosterone axis will increase renal 
potassium excretion, but potassium not only stimu- 
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lates the secretion of aldosterone but also suppresses 
renin secretion.*! ^? A fall in potassium could then 
allow a further rise in renin, leading to this inverse 
relation. 

Concentrations of serum bicarbonate were higher 
in patients with heart failure, as might be expected 
in the presence of hypokalaemia, but bicarbonate 
concentrations were similar in normal and high 
renin subgroups despite significant differences in 
serum and total body potassium. A long term 
increase in serum bicarbonate and alkalosis may be 
less important in the regulation of intra/extra- 
cellular potassium ratio in treated heart failure, 
though it may have a short term regulatory role. 

Another feature of interest is the lack of any clear 
difference in New York Heart Association class, 
total body sodium, or total body chlorine between 
subgroups with high or low concentrations of 
plasma active renin. Where there were statistically 
insignificant differences they were accounted for by 
changes in the concentration of the respective elec- 
trolytes in the extracellular space. Extracellular fluid 
volume, even when corrected for weight, was similar 
in the two groups, suggesting that volume changes 
are less important in determining renin-angiotensin 
activity in treated heart failure; however, intra- 
vascular volume, which may be important, was not 
measured. Apart from potassium the only clear 
differences between high and low renin subgroups 
were serum concentrations of sodium and mean 
blood pressure. In heart failure it is likely that these 
three influences are of prime importance in setting 
the level of renin-aldosterone-angiotensin activ- 
ity.43 44 

Although the heart failure group as a whole had 
worse renal function, with relatively greater urea 
than creatinine retention, than the hypertensive 
group, there were no differences between patients 
with heart failure in high and low renin subgroups. 
This suggests that angiotensin II appears not to 
affect renal function adversely and may well have 
sustained glomerular filtration and urea excretion in 
the face of a falling renal blood flow and renal per- 
fusion pressure in our patients.!! ** Possibly renal 
function would have been more abnormal in patients 
with more extreme increases in angiotensin II.4? 

Extracellular fluid volume remained increased in 
these oedema free patients with heart failure; it is not 
clear whether further diuretic treatment would have 
corrected this. Surprisingly, total body oxygen, an 
index of total body water?’ was reduced in patients 
with heart failure, suggesting intracellular dehy- 
dration. Thus although potassium depletion occurs 
in heart failure the actual concentration of intra- 
cellular potassium may be less abnormal than 
expected. T'otal body sodium was 300 mol greater in 
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300 mol greater in patients with heart failure, and 
less than half of this difference can be explained by 
the increase in extracellular fluid volume. The rest 
could be explained either by an increase in sodium in 
bone or an increase in intracellular concentrations, 
because sodium may replace intracellular potassium 
losses. The alteration in the calcium/phosphorus 
ratio also suggests a change in bone metabolism, 
which is not dependent upon the stimulation of 
renin. Bone calcium was increased by thiazide 
diuretics,*5 which reduce urinary calcium 
excretion*®; however, most of our patients were only 
on frusemide, which increases urinary calcium 
excretion. Alternatively the increase in the concen- 
tration of bicarbonate may have altered the relation 
between calcium and phosphorus. 

The one year survival of subjects with New York 
Heart Association grade III heart failure is around 
60% and most deaths are sudden—this accords with 
the frequency of ventricular arrhythmias.!? *? 
Potassium depletion may provoke arrhythmias*® 
and this effect may be exaggerated by digoxin.*? 
Body potassium is largely concentrated in skeletal 
muscle,*° which probably acts as a buffer for serum 
potassium. Depletion of intracellular potassium may 
lead to much greater short term falls in serum potas- 
sium caused by diuretics, changes in pH, or adre- 
nergic activity.5! Additionally, myocardial potas- 
sium concentrations appear to be protected and do 
not fall when skeletal muscle and serum potassium 
fall.5? This could lead to unfavourable changes in 
transmembrane potential and intramyocardial con- 
duction, further potentiating arrhythmias. If this is 
so correction of potassium deficits may improve 
prognosis. 
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The morphology of the right ventricular outflow tract 
after percutaneous pulmonary valvotomy: long term 
follow up 
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Laboratories,t and Departments of Radiology] and Anaesthesia,* Hospital for Sick Children, Toronto, 
Ontario, Canada 


SUMMARY ‘Twenty nine patients (19 male, mean (SD) age 6:25 (0:5) years (range 0-16-15 
years))with typical pulmonary valve stenosis were treated by balloon dilatation of the pulmonary 
valve. They were studied by echocardiography before the procedure, immediately after it, and at 
follow up (mean (SD) 10-2 (5:6) months, n —18). The morphology of the pulmonary valve, the 
right ventricular-pulmonary artery gradient, and ratio of the systolic to diastolic endocardial 
dimensions (infundibular ratio) were examined. No patient had pulmonary regurgitation before 
the study. The valve gradient was significantly reduced (47%) from a mean (SD) of 72 (31) to 37 
(23) mm Hg with no short term change in cardiac index after dilatation with a balloon with a mean 
(SD) diameter that was 118 (10-8)% of the valve annulus. The infundibular ratio was unchanged 
by the procedure (0:49 (0-11) (n = 21) before dilatation and 0-47 (0:14) (n = 16) after dilatation). 
In twenty seven patients the commissure of the pulmonary valve was seen to be torn after 
dilatation. 'T'wo patients with bicuspid valves had flail leaflets. Doppler examination at follow up 
showed mild pulmonary insufficiency in all 29 patients; the mean (SD) valve gradient (31 (+21) 
mm Hg) at follow up was no different from the gradient found immediately after the procedure 
and infundibular ratio (0:58 (0-15) was not abnormal. 

"These data indicate that commissural tears are the primary mechanism of valve disruption and 
demonstrate that the dynamic right ventricular outflow tract obstruction relaxes and gradient 
reduction persists at follow up. 


Percutaneous pulmonary valvotomy was first right ventricular outflow tract after valvotomy? * 


described by Rubio and Limon-Lason in 1954. 'They 
used a wire loop technique,! ? but recently Semb et 
al and Kan et al have used balloon tipped catheters? * 
for the procedure, which has become established as 
a non-surgical treatment for congenital pulmonary 
valve stenosis. "9 Some patients, however, have 
haemodynamically important obstruction of the 
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despite what appears to be a tear in the pulmonary 
valve.? We have studied this obstruction in patients 
after percutaneous pulmonary valvotomy. 


Patients and methods 


Over a 28 month period from January 1984, 38 per- 
cutaneous pulmonary valvotomies were performed 
for isolated pulmonary valve stenosis in 36 patients 
(19 boys; mean (SD) age 6-25 (0:5) years). Seven 
patients had clinical and echocardiographic evidence 
of dysplasia of the pulmonary valve and were 
excluded from the analysis.!^ All patients had clin- 
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Fig 1 Right ventricular to pulmonary artery (RV-PA) 
gradient and infundibular ratio before, immediately after, and 
at follow up after balloon dilatation. *p < 0-001 compared 
with values before valvotomy;t p < 0-02 for comparison 

of values immediately after valvotomy with values at follow 
up. 


ical evidence of moderate to severe pulmonary valve 
stenosis!! (fig 1). Informed consent was obtained 
from all parents as outlined and approved by the 
Human Subjects Protection Committee of the Fac- 
ulty of Medicine, The Hospital for Sick Children, 
and University of Toronto. 

Cross sectional echocardiography and Doppler 
echocardiography were performed in all patients 
before the procedure and within 24 hours of 
valvotomy. We used 3:0, 5-0, or 7:5 MHz mechanical 
sector scanners on either an ATL 600, Ultramark 8 
(Advanced Technology Laboratories Inc., Bellevue, 
WA), or Hewlett-Packard (Model 77020A) ultra- 
sound imaging systems fitted with pulsed or con- 
tinuous wave Doppler probes. Standard and high 
parasternal short axis views were routinely used to 
image the pulmonary valve, annulus, and 
infundibulum.’ Pulmonary annulus diameters mea- 
sured at the hinge points of the pulmonary valve 
annulus were obtained from echocardiographic 
images (short axis view) and compared with the lat- 
eral projection from the right ventriculogram 
obtained before valvotomy. Doppler estimates of 
pulmonary valve gradients were obtained by use of 
the Bernoulli relation.!? Doppler estimated right 
ventricular outflow tract gradients in our laboratory 
were compared with simultaneous intracardiac pres- 
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sures (right ventricle-pulmonary artery). This gave 
a correlation of r = 0-95; RV—PA gradient (cath) = 
0-89 RV-PA gradient (Doppler) + 3-98; SEE = 8:5, 
n= 29. 

Cardiac catheterisation was performed under 
ketamine anaesthesia given by continuous 
infusion.!? The details of the dilatation procedure 
used in our laboratories have been outlined else- 
where.!* Briefly, two venous catheters (7 French) 
were manoeuvred into the right ventricle and main 
pulmonary artery for simultaneous gradient mea- 
surements, and a femoral artery line (5 French) was 
placed to monitor systemic pressure. Cardiac output 
was measured by a Fick determination (measured 
oxygen consumption), thermodilution, or dye curve, 
and a biplane right ventricular axial angiogram (one 
plane always true lateral) was performed. A Teflon 
coated exchange guide wire was positioned, prefera- 
bly in the distal left pulmonary artery, and a balloon 
tipped 3 cm long 8 or 9 French valvotomy catheter 
(Mansfield Scientific, Waterstown, MA) was passed 
over it and across the pulmonary valve annulus. The 
approximate location of the valve was determined 
from the lateral right ventriculogram and marked by 
a radio-opaque marker taped to the lateral chest wall. 
We selected balloon catheters that were approxi- 
mately 120% of the diameter of the pulmonary valve 
annulus measured on the lateral right ventricu- 
logram and corrected for magnification against the 
angiocatheter diameter. Several balloon inflation/ 
deflation cycles (average 4) lasting approximately 
15-20 seconds each were performed until no discern- 
ible waist (caused by the stenotic pulmonary valve 
leaflets) was seen during fluoroscopy. Inflation pres- 
sures were initially measured by an in-line manome- 
ter to the rated manufacturer's tolerance (3—4 atm) 
(30-32-40-43 kPa) but this was abandoned in the 
later 25 patients because maximal intraballoon pres- 
sures were rarely achieved." Right ventricular and 
femoral artery pressures were monitored through- 
out the dilatation procedure. Right ventricular- 
pulmonary artery pressures were measured 
immediately upon withdrawal of the balloon catheter 
and were observed for 15 to 20 minutes before car- 
diac output measurements and biplane right ventric- 
ular axial angiography were repeated. 

From a replay of the right ventriculogram we 
determined whether the right ventricular outflow 
tract showed dynamic or fixed obstruction. A 
dynamic obstruction was measured in terms of the 
infundibular ratio. This was calculated as the ratio of 
the systolic and diastolic endocardial dimensions 
measured at a point equidistant from the pulmonary 
and tricuspid valves. Ten normal right ventricular 
angiograms were similarly measured and found to 
have a mean (SD) ratio of 0-64 (0-16). Additionally, 
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an echocardiographically determined infundibular 
ratio was measured before cardiac catheterisation 
from the short axis view at the base of the heart 
between pulmonary and tricuspid valves at end sys- 
tole and diastole. The infundibular ratio in 10 
patients with normal cardiac anatomy was 0-63 
(0-16). Angiograms complicated by extrasystoles or 
echocardiograms of poor resolution were not used in 
data analysis. 

Two patients required a second intracardiac study 
and valvotomy at 9 and 16 months because haemo- 
dynamically important right ventricular outflow 
tract obstruction recurred. Two other patients 
needed subsequent surgical repair because of fixed 
fibromuscular and subpulmonary obstruction and 
both required an outflow tract patch; one of these 
patients has been reported in detail elsewhere.” A 
third patient with fixed obstruction is awaiting sur- 
gical repair. One patient had undergone a surgical 
pulmonary valvotomy three months before balloon 
dilatation of the valve. 


STATISTICAL ANALYSIS 

Data are presented as mean (1SD). Statistical 
significance was determined by the two tailed z test 
for paired data. Individual patient data are available 
from the authors upon request. 


Results 


ECHOCARDIOGRAPHIC DATA BEFORE BALLOON 
DILATATION 

In all but two patients commissural fusion of a tri- 
cuspid pulmonary valve was identified as the mech- 
anism of stenosis!? (fig 1). Doppler study did not 
show evidence of pulmonary regurgitation in any 
patient. The echocardiogram predicted the angio- 
graphic pulmonary annulus as: angiographic 
annulus (mm)= 1-04 (echographic annulus 
(mm) — 1-03; r = 0-87; SEE = 1-1; n= 20. The 
mean (SD) pulmonary valve gradient in the 
unsedated resting patients before catheterisation 
was 66:1 (16:7) (range 39 to 100 mm Hg). 


RESULTS IMMEDIATELY BEFORE AND 
IMMEDIATELY AFTER VALVOTOMY 

The mean (1 SD) pulmonary valve annulus was 14-7 
(3:3 mm) (range 8 to 20 mm) by angiography. The 
average right ventricular-pulmonary artery gradient 
fell by 47% at catheterisation from 72 (31) mm Hg 
(range 34-172 mm Hg) to 37 (23) mm Hg (range 5 to 
114 mm Hg) (p « 0:001) (fig 1). Similarly, the ratio 
of right ventricular pressure to systemic arterial 
pressure fell by 59% from 0-85 (0-26)% (range 0-47 
to 1:.519?5) to 0-50 (0-25)% (range 0-16 to 1-30%). 
The pulmonary valves were dilated with balloons 


24) 


that were on average 17-5 (3-4) mm in diameter and 
118 (10-8)°%% of the annulus size. There was no 
change in the angiographically measured size of the 
annulus after dilatation. Mean cardiac index was 
3-98 (1:06) 1/min/m? and there was no significan: 
change after dilatation (429 (121) l/minim". 
n= 12). The infundibular ratio was measured bv 
angiography (0-42 (0-11), n=30) and echo- 
cardiography (0-49 (0-11), n = 21) before dilatation. 
'There was no significant difference in either (0-41 
(0-1), n = 30; and 0-47 (0:14), n = 16 respectively) 
after dilatation. After catheterisation, when the child 
was unsedated and resting, the echocardiographic 
pulmonary valve gradient was 53% lower (34 (18) 
mm Hg) (range 8 to 80, n — 27) than before the 
procedure (p « 0-001) (fig 1). 

In all patients there was a dynamic infundibular 
component to the right ventricular obstruction as 
shown by the replay of the lateral right ventricular 
angiogram, and in three patients there was a fixed 
obstructive element. We identified commissural 
tears in all patients who had trileaflet valves shown 
by cross sectional echocardiography. Tears were 
seen in one or two commissures and occasionally 
extended to the margin of the valve annulus (fig 2). 
In the two patients with bicuspid valves the valve 
leaflet tissue was ruptured and in both there was a 
non-competent flailed valve. 


LONG TERM FOLLOW UP 
Echocardiographic images of the right ventricular 
outflow tract and pulmonary valve and Doppler esti- 
mates of the pulmonary valve gradients were 
obtained at follow up in 18 patients, 10-2 (5:6) (range 
4 to 24) months after the initial procedure. The aver- 
age valve gradient was (31 (21) mm Hg) not 
significantly different from the value immediately 
after dilatation. Additionally the echo- 
cardiographically derived infundibular ratio (0-5 
(0-15)) was not significantly different from the nor- 
mal values (fig 1). All but four patients had Doppler 
evidence of pulmonary insufficiency of mild degree; 
no patients showed progression of the insufficiency 
either by Doppler study or by clinical evaluation. 
At the end of the procedure nine (31%) of 29 
patients had right ventricular pressures that were 
>50% of systolic or a gradient of > 35 mm Hg. In 
three of these subpulmonary obstruction established 
by echocardiography and angiography was 
unchanged at follow up, suggesting a fixed com- 
ponent. In four patients there had been a further 
reduction in valve gradient to 24 (6:6) mm Hg and an 
increase in infundibular ratio from 0-39 (0-18) to 0-54 
(0-16) (p « 0-0001). In one patient the valve gradient 
was unchanged (36 mm Hg); another has not vet 
been seen at follow up. 
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Fig 2 
orifice with non-opacified blood (arrows); (b) after dilatation showing a linear tear to the annulus margin (arrows) 
outlined by non-opacified blood. (c) Short axis, high parasternal echocardiogram before dilatation showing 


tricuspid valve and two of the fused commissures at 3 and 7 o'clock (arrows). 


the split 


Two patients had a second valvotomy with bal- 
loons that were 115%, of the valve ring diameter. In 
one the gradient fell from 54 to 18 mm Hg and this 
fall was maintained at six month follow up. In the 
second child, however, the gradient at follow up was 
unchanged (81 mm Hg) and there was angiographic 
and echocardiographic evidence of subvalvar 
obstruction that did not resolve over a 12 month 
period. This child had surgical repair with an 
infundibular patch and surgical valvotomy. The 
valve leaflets were bicuspid and markedly thickened 
with a 9 mm orifice and fused commissures. There 
was no evidence of valve disruption caused by bal- 
loon dilatation. 


Discussion 


Balloon dilatation of the pulmonary valve was 
reported to be a safe and effective means of reducing 
the right ventricular to pulmonary artery gradient in 
typical pulmonary valve stenosis.* " Our experience 
with this technique further supports these initial 
observations. The mechanism of stenosis in this set- 


Pulmonary artery angiograms: (a) before dilatation (cranial-cauda! view) showing outlining of the haemodynamic 


d) Echocardiogram after dilatation showing 


solid arrow). The other commissure at 7 o'clock remains fused. OR, orifice 


ting appears to be varying degrees of commissural 
fusion on a trileaflet valve with minimal or no thick- 
ening of valve leaflets.'* Echocardiographic data and 
the appearance at operation show that in most cases 
the reduction in gradient was apparently achieved by 
splitting of adherent commissural elements (fig 
2).5?!* Pulmonary valve insufficiency that is 
demonstrable by echocardiography and Doppler 
examination is an inevitable consequence of an 
effective dilatation. Insufficiency is occasionally 
audible by auscultation,? ! " '® suggesting damage to 
the leaflet-supporting apparatus. It is not clear, how- 
ever, why pulmonary insufficiency is a component of 
an effective dilatation. Commissural tearing was 
never seen to be uniform in all three margins and 
sometimes extended to the limits of the valve 
annulus. Thus loss of support at the commissural 
marginal tear may account for the insufficiency. 
Paracommissural tears along leaflet tissue could 
also produce echocardiographic findings that are 
indistinguishable from those produced by commis- 
sural splitting." Annular measurements after balloon 
valvotomy discount the notion that ring dilatation 


Morphology of right ventricular outflow tract after balloon valvotomy 


(by overlarge balloons) may contribute to this 
finding. At follow up most patients continued to 
have valve insufficiency; this was mild and did not 
increase to become a clinical problem. These incom- 
plete tears probably also account for the residual 
gradients seen after dilatation. The asymmetry of the 
tears may also account for the improved results in 
gradient reduction seen when balloons that have 
larger diameters than the valve annulus are used.* !? 

Angiographic examination after dilatation in most 
patients demonstrated improved valve leaflet mobil- 
ity of only a single leaflet, with the continued pres- 
ence of a “contrast jet", albeit wider than before the 
procedure, and doming of the adjacent leaflets 
implying persistence of fusion of the valve commis- 
sures (P Burrows, personal communication). Two of 
our patients had bicuspid valves and in these patients 
balloon valvotomy resulted in flail, non-supported 
valve mechanisms and regurgitation as previously 
reported by Lababidi and Wu.* We can only specu- 
late about the reasons for this finding. There may be 
an intrinsic abnormality in the valve-annulus attach- 
ments or perhaps a bicuspid valve is more vulnerable 
to stress, because the area of the valve leaflet is larger. 
Alternatively, the action of the heart on the balloon 
may result in a shearing motion that disrupts the 
valve attachments to the ring. All these elements 
could be operating to varying degrees. 

The data from our series suggest that a dynamic 
obstruction of the subpulmonary outflow tract is a 
frequent component of pulmonary valve stenosis. 
This may persist after the procedure’ !” but if valve 
dilatation is successful it can be expected to regress!? 
with a further reduction in gradient. This obser- 
vation is supported by previous studies after surgical 
valvotomy.!?7?! Unlike Ben-Shacher et al we did 
not find that dynamic obstruction of the outflow tract 
became worse after the procedure, !® despite the fact 
that before dilatation 11 of our patients had right 
ventricular pressures > 85% systemic; in five right 
ventricular pressure was greater than systemic pres- 
sure. It may be that our results were influenced by 
the use of continuous ketamine anaesthesia rather 
than sedation during the procedure. A reduction of 
sympathetic outflow could have moderated the effect 
of the hypercontractile outflow tract. 

When the residual gradient is > 35 mm Hg or 
50% systemic right ventricular pressures we use 
cross sectional echocardiography to visualise the 
morphology of the valve (to assess whether a leaflet 
tear has occurred) and we carefully examine the right 
ventriculogram obtained after balloon valvotomy, 
paying particular attention to the mobility of the 
valve leaflets. We do not perform further dilatations 
with larger balloons if the above studies suggest that 
the commissural tear is adequate. In such circum- 
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stances it is likely that the gradient will be further 
reduced as infundibular hypertrophy regresses. 
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Transvenous cardioversion for the management of 
recurrent ventricular arrhythmias 
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From the Departments of Cardiology, Royal Sussex County Hospital, Brighton, and King’s College Hospital, 
London 


SUMMARY The efficacy of transvenous cardioversion and defibrillation for treating life threat- 
ening spontaneous ventricular arrhythmias was assessed in a study of 17 patients in a cardiac care 
unit. Eleven had ventricular tachycardia, five had ventricular fibrillation, and one had both. 
Transvenous cardioversion successfully terminated tachyarrhythmias on 42 separate occasions in 
ten patients. Stable electrode positions could not be achieved in two patients, recurrent late 
displacement occurred in one, and four patients had no further arrhythmias requiring cardio- 
version once the lead was placed. The energy levels required for successful cardioversion ranged 
from 0:05 J to 25 J for ventricular tachycardia and from 1 J to 25] for ventricular fibrillation. The 
nine successful shocks of 1 J or less did not require sedation or general anaesthesia. High energy 
(25 J) endocardial shocks were unsuccessful in terminating arrhythmias in two patients, one with 
ventricular tachycardia and the other with both ventricular tachycardia and fibrillation. Minor 
unwanted effects of endocardial shocks occurred in five patients. These were acceleration of 
ventricular tachycardia in two patients and complications of pacing via the special lead in three 
others: failure of sensing occurred in all three and one patient also had a transient rise in pacing 
threshold. A postmortem examination in one patient who had received three unsuccessful high 
energy shocks revealed localised endocardial necrosis at the site of the distal electrode. 

Transvenous cardioversion offers advantages over external cardioversion but at present 
practical difficulties limit its application to patients with recurrent ventricular arrhythmias that 
cannot readily be controlled by conventional methods. 


Electrical treatment of life threatening ventricular 
arrhythmias occurring after myocardial infarction 
poses several problems; these include the need for 
repeated general anaesthetics, delays before cardio- 
version, and superficial burns. Nevertheless, the 
long term prognosis can be good in those patients 
who survive the unstable acute phase. Although low 
energy endocardial shocks have been shown to ter- 
minate ventricular arrhythmias induced during elec- 
trophysiological testing,!~* little experience of the 
use of transvenous cardioversion with an external 
unit has been reported for spontaneous ventricular 
arrhythmias.? ^ We have tested the applicability of 
this technique to patients in a cardiac care unit. 
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County Hospital, Eastern Road, Brighton, Sussex BN2 5BE. 
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Patients and methods 


We studied 11 men and six women (aged 46-75 
years) with recurrent ventricular arrhythmias; 
eleven had recurrent ventricular tachycardia, five 
had recurrent ventricular fibrillation, and one had 
both. All but one patient had sustained a recent 
acute myocardial infarction. One patient was treated 
for malignant postoperative ventricular arrhyth- 
mias. A median of four attacks (2-30) of a ventricu- 
lar arrhythmia occurred before transvenous cardio- 
version was attempted. All patients had been treated 
with antiarrhythmic drugs in the cardiac care unit of 
the Royal Sussex County Hospital, Brighton or 
King's College Hospital, London. Table 1 sum- 
marises the patient data. 

The temporary pacing lead (Medtronic 6880, 
Medtronic Inc, Minneapolis, USA) designed for 
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Previous 
Recurrent No of drug 

Patient No Age Sex Clinical diagnosis arrhythmia episodes treatment 

1 53 F MI VF 5 L, Am 

2 69 F Hysterectomy VF 3 L 

3 72 M MI VF 6 L 

4 59 M MI VE 4 L, Am, Fi 

5 74 M MI VF 3 L, Am 

6 76 M MI VE/VT 4 L, Am, Fl, P 

7 72 M 3 MI VT 3 L, FI 

8 67 M MI VT 3 L, Am, M 

9 46 F MI VT 4 A,M 
10 61 F MI VT 3 L,P 
11 63 M MI VT 5 M, Am, Fl 
12 69 F MI VT 30* L, Am, Fl, M 
13 60 M MI VT 11 L, Am, Fl, P 
14 61 M MI VT 3 L, Am 
15 57 M MI VT 3 L 
16 59 M MI VT 4 L, Am, P 
17 75 E MI VT 2 L 
Mean 64 11M/6F 2-3 drugs 

per patient 

Median 4 





*28 of the 30 shocks were given m Lewisham H 
amiodarone; 


ospital 
; FI, flecainide, L, ignocaine; M, mexiletine; MI, myocardial infarction; P, procainamide; VF, ventricular fibrillanon, VT, 


Am, 
ventricular tachycardia. 


transvenous cardioversion has bipolar pairs of stain- 
less steel electrodes—at the tip in the right ventricu- 
lar apex and 13cm proximally to lie near the junc- 
tion of the right atrium and superior vena cava. The 
electrodes in each pair are separated by 5mm and 
have a combined surface area of 125 mm?. When the 
shock is delivered the two distal electrodes are cou- 
pled together to form the cathode and the two prox- 
imal electrodes to form the anode. The distal pair is 
used for sensing to synchronise cardioversion, and 
can also provide bipolar pacing. The lead was intro- 
duced through a 10:5 French gauge split sheath 
introducer into a subclavian vein in 13 patients and 
in the remaining four patients via an antecubital vein 


or an external jugular vein. We used a central stylet 
to manipulare the lead in a manner similar to that 
used for permanent pacing. 

'The cardioverter defibrillator used in this study 
was a purpose built manually operated device 
(Medtronic 5350, Medtronic Inc., Minneapolis, 
USA) that delivers a truncated exponential wave- 
form. The waveform is described in terms of the 
relation of the voltage of the trailing edge to the lead- 
ing edge. This is called “tilt” (fig 1). The percentage 
tilt is the percentage decrease between the leading 
edge and the trailing edge voltage. Three different 
tilts were available, namely, 27%, 63%, or 82%. 
The shocks used throughout the study had 63% tilt 


1 N 


Energy 8.1J 15.0 J 16.8 J 
Tilt 27*l. 63*/, 82*/. 
Pulse width * 2ms 6ms 10ms 


* For discharge over a 1002 load 


Figl The leading edge voltage for all three waveforms shown above is 760 V. The percentage tilt refers to the percentage 


decrease between the leading edge and the trailing edge voltage. 


Transvenous cardioversion 


Table2 Energy levels used for transvenous cardioversion 
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Attempt 
1 2 3 4 5 6 7 8 9 10 11 12 
Energy (J) 005 010 025 050 100 150 20 50 100 150 200 25-0 
Leading edge 
voltage (V) 44 60 98 132 193 236 271 436 610 TAT 686 971 





Tilt of 63% and pulse width of 6 ms used throughout. 


and lasted six seconds. An energy level of 0-05 J was 
used for the first attempt at cardioversion and this 
was increased by 11 steps until success was achieved 
or a maximum output of 25 J had been used (table 2). 
If an arrhythmia recurred, the energy level chosen 
for the next attempt at cardioversion was set at one 
step lower than that used in the previous successful 
cardioversion. In patients with ventricular tachy- 
cardia discharge delivery was synchronised by 
means of the apical right ventricular electrogram. 
The charging time for the cardioverter defibrillator 
was less than 10 seconds even for high energy 
shocks. Sedation or general anaesthesia was used if 
shocks caused appreciable discomfort. 

When necessary, ventricular pacing could be 
provided by connecting an external pulse generator 
to the cardioverter defibrillator. Simultaneous 
defibrillation and pacing was prevented by a switch 
that allowed choice between pacing, synchronised 
shock, or asynchronous shock. 


Results 


In 14 of the 17 patients the pacing lead was posi- 
tioned successfully and remained stable. Of these 14, 
10 had further tachycardia that required cardio- 
version; all were successfully treated at least once. 
Three had ventricular fibrillation, six had ventricu- 
lar tachycardia, and one patient had both. Tachy- 
cardia was terminated on 42 separate occasions. 
Figure 2 shows an example of successful trans- 
venous cardioversion. 

Four patients in whom the lead remained stable 
did not receive endocardial shocks. Three settled on 
antiarrhythmic treatment once the lead was in posi- 
tion, while one patient developed self-terminating 
multiform ventricular tachycardia that was sup- 
pressed successfully by ventricular overdrive pacing 
via the special lead. In the three remaining patients 
difficulties were experienced with lead placement or 
subsequent lead stability: in one, ventricular 
fibrillation was triggered repeatedly on crossing the 
tricuspid valve; in the second, instability prevented 
initial lead placement; in the third, the procedure 
was abandoned because of repeated lead displace- 
ment. 


The energy levels associated with successful car- 
dioversion varied from 0:05] to 25] (median 10 J). 
Ventricular tachycardia was terminated by syn- 
chronised shocks of 0-05]-25] (median 2J) and 
ventricular fibrillation by asynchronous shocks 
ranging from 1] to 25] (median 10]) The 
difference between the mean energy levels required 
for cardioversion of tachycardia and fibrillation did 
not reach statistical significance. Perception of dis- 
comfort caused by transvenous cardioversion varied, 
but the nine successful shocks of 1] or less did not 
cause undue discomfort and required neither 
sedation nor general anaesthesia. 

Transvenous cardioversion failed to terminate 
some episodes of ventricular arrhythmias in two 
patients. High energy (25 J) endocardial shocks were 
unsuccessful in terminating ventricular tachycardia 
in one patient and ventricular tachycardia or fibril- 
lation in another; sinus rhythm was restored in each 
case by external countershock. In both of these 
patients further arrhythmias did respond to trans- 
venous cardioversion. Subsequently these two 
patients died of intractable cardiac failure. Necropsy 
in one who had received three unsuccessful high 
energy shocks revealed an area of myocardial necro- 
sis to a depth of 0-5 cm around the distal tip of the 
lead. 

Unwanted effects of transvenous cardioversion 
occurred in five patients. Two of them had acceler- 
ation of ventricular tachycardia or provocation of 
ventricular fibrillation in response to synchronised 
low energy shocks (fig 3). Reversion to sinus rhythm 
was achieved by higher energy endocardial shock 
and by external countershock. The unwanted effects 
of transvenous cardioversion in the three other 
patients were related to pacing after endocardial 
shock. Although pacing was achieved satisfactorily 
in most patients who required it, inappropriate 
pacing due to failure of sensing after endocardial 
shock occurred in each of these three patients. In 
addition, one had a transient rise in pacing threshold 
from 0-7 V to 24V. 

Table 3 summarises the clinical outcome of all the 
patients. After the acute phase had settled, the 
tachycardia in nine of the 17 patients was suppressed 
by antiarrhythmic drugs, two underwent left ven- 
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Fig2 Successful transvenous cardioversion (10 J) in a patient with recurrent ventricular fibrillation. A 5 J endocardial 


shock had been successful before. On this occasion transvenous cardioversion with shocks of 2 J and 5 J was unsuccessful but 


sinus rhythm was restored after a 10 J shock. 
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on of ventricular fibrillation by a synchromsed low energy shock. The top panel shows the onset of ventricular 
ricular tachycardia by a synchronised endocardial shock (2 J) provoked 


Provocati. 
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tachycardia. In the lower panel treatment of this vent 
the onset of ventricular fibrillation. 


Transvenous cardioversion 
Table3 Results and climical outcome 
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Op cipe of ventricular tachycardia or Bem M, s of ventricular fibrillation, Am, amiodarone; D, i disopyramıde, F, failed cardioverson 


Patient Successful 
No. Arrhythma cardioversions 
1 VF 3 

2 VF 5 

3 VF 2 

4 VF NFA 
5 VE LP 

6 VT/ 5 

VF 2 

7 VT 7 

8 VT 3 

9 VT 1 

10 VT 2 
1 VT 6 
12 VT 6 

13 VT NFA 
14 VT NFA 
15 VT LP 
16 VT LP 
17 VT MI 
FI, flecainide, LP, lead briser pronen probl 
Esto du. pacing, NFA, no further arrh; 


tricular aneurysmectomy, and one received a per- 
manent pacemaker. The remaining five patients died 
from intractable cardiac failure. 


Discussion 


Low energy endocardial shocks (8mJ to 1J) were 
reported in 1982 to be effective in terminating ven- 
tricular tachycardia in dogs. Subsequent studies of 
patients with inducible ventricular tachycardia 
found that reversion to sinus rhythm using intra- 
cavity shocks could be achieved in 60-80% of cases 
by energy levels of «:30 J.! ? 5 The technique, how- 
ever, has not yet been fully evaluated. Possible 
benefits of transvenous cardioversion over con- 
ventional external countershock in the treatment of 
spontaneous recurrent ventricular arrhythmias 
include a reduction in the delays to cardioversion, 
less need for general anaesthetics, and no superficial 
burns. The interval between the onset of arrhythmia 
and cardioversion was not timed accurately in this 
study but transvenous cardioversion was associated 
with little delay provided that the.patient was 
unconscious or responded to a low energy («1]) 
shock that required no sedation. In conscious 
patients higher energy endocardial shocks required 
the intravenous administration of a benzodiazepine 
and the delay before cardioversion was similar to 
that for external countershock. No patient required 
a general anaesthetic. 

The present study is one of the largest so far 
reported of the use of transvenous cardioversion for 
spontaneous ventricular arrhythmias. In 1982 Yee 


M, stabilised on medical treatment, MI, multform ventricular tac ycardia suppressed by 
Pr, procainamide, VF, ventricular fibrillation, VT, ventricular tachycardia 


et al reported early experience of using endocardial 
shocks to treat ventricular tachyarrhythmias in 
patients in a cardiac care setting. In their report of 
eight patients, transvenous cardioversion was used 
successfully to terminate 95% of 91 episodes of ven- 
tricular tachycardia, three episodes of ventricular 
flutter, and four of six episodes of ventricular 
fibrillation. Other reports of the use of transvenous 
cardioversion have concentrated upon the treatment 
of ventricular arrhythmias induced during electro- 
physiological testing rather than arising spontane- 
ously.‘ 

The energy levels required for successful cardio- 
version of spontaneous ventricular arrhythmias by 
endocardial shock varied widely. This variation in a 
small series would mask any tendency to a difference 
in the energy levels required for ventricular tachy- 
cardia and ventricular fibrillation. In a study of ven- 
tricular arrhythmias induced during electrophysio- 
logical testing, Waspe et al reported that higher 
energy levels were needed for conversion of ventric- 
ular fibrillation (mean 20-4 J) than for most episodes 
of ventricular tachycardia (mean 1-4J).? Moreover, 
Perelman et al suggested an inverse relation between 
the threshold for termination and the cycle length of 
ventricular tachycardia.* The evidence from this 
study does not militate against these findings. 

Although transvenous cardioversion was success- 
ful for the majority of patients in this study, several 
important problems were revealed. Difficulties with 
lead placement and stability precluded the use of 
this treatment in three of our patients. Modification 
of the special pacing lead with reduction of the 
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stiffness of the tip of the lead may ease lead place- 
ment and improve stability. In addition to problems 
related to the lead, several unwanted effects 
occurred as a result of endocardial shocks: acceler- 
ation of ventricular tachycardia or provocation of 
ventricular fibrillation after a synchronised shock 
has already been reported after transvenous cardio- 
version? and was related to the timing of the dis- 
charge within the QRS complex.*® Moreover, the 
usefulness of pacing via the special lead may be lim- 
ited by the failure of sensing and increased pacing 
threshold after shocks; Yee et al reported similar 
findings in 1984.° Internal cardioversion is not pain- 
less: patients receiving energy levels greater than 1 J 
required sedation and other groups have reported a 
similar pain threshold.! ?" Further research is also 
needed to establish whether localised myocardial 
necrosis found at the site of delivery of high energy 
endocardial shocks has greater clinical importance 
than the more diffuse myocardial damage after 
repeated external countershock.!? 

Transvenous cardioversion offers advantages over 
external countershock but at present practical 
difficulties limit its application to patients with 
recurrent ventricular arrhythmias that cannot 
readily be controlled by conventional methods. 


Medtronic Incorporated, Minneapolis, provided the 
cardioverter defibrillator and special leads. 
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Detection of arrhythmias: use of a patient-activated 
ambulatory electrocardiogram device with a 
solid-state memory loop 


AP BROWN, KD DAWKINS, J G DAVIES 
From the Regional Cardiothoracac Unit, St George's Hospital, London 


SUMMARY A patient-activated ambulatory electrocardiogram device with a solid-state memory 
loop was used to investigate 100 unselected patients experiencing palpitation, dizziness, or syn- 
cope. Clinically useful information was obtained in 68% of patients. Frequently, sinus rhythm 
had been restored by the time the patient activated the device, but the arrhythmia had been stored 
in the pre-event segment of the memory—a distinct advantage over many other patient-activated 
devices. 

This recorder is complementary to conventional 24 hour electrocardiographic monitoring in the 
investigation of possible arrhythmias and is particularly suitable for patients with infrequent 
symptoms. Because the stored data can be rapidly analysed by any commercially available electro- 


cardiograph the device is suitable for use in district general hospitals. 


The role of ambulatory electrocardiographic mon- 
itoring is well established as a means of investigating 
cardiac rhythm disturbances.!? Despite this, the 
assessment of patients who present with palpitation, 
dizziness, or syncope may be difficult. In some the 
cause of the symptoms is non-cardiac; in others in 
whom the symptoms are related to an arrhythmia the 
disturbance of rhythm may be short lived or infre- 
quent and a single 24 hour ambulatory electro- 
cardiogram may fail to detect the arrhythmia or fail 
to correlate an arrhythmia with the symptoms.? 
Another approach to the problem has been the use 
of portable recorders that can be activated when the 
patient has symptoms.* These devices give no record 
of the rhythm preceding the acute event and arrhyth- 
mias lasting only a few seconds may not be detected 
at all. As an alternative, we describe the use of a 
reliable and inexpensive patient-activated device 
that has a pre-event solid-state memory facility. 


Patients and methods 


The recorder, designed by one of us (JGD), 
weighs 320 g (with batteries) and measures 
146 x 91 x 34mm. It has no mechanical parts and 
Requests for reprints to Dr K D Dawkins, Wessex Cardiothoracic 
Centre, Southampton General Hospital, Southampton SO9 4XY. 
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uses a microprocessor to record a single channel elec- 
trocardiogram in a continuous 80 second loop. When 
the event button is pressed the loop stops and the 
data are stored in the solid state memory. The loop 
includes 70 seconds of rhythm before and 10 sec- 
onds after the button is pressed. When convenient 
(up to six months after recording) the stored data are 
printed as rhythm strips by connecting the recorder 
to any ordinary electrocardiograph. 

We reviewed the results of 106 consecutive and 
unselected patients who had used the recorder over 
a three year period. The case notes from six patients 
were incomplete; we studied the remaining 100 
patients (aged 16—88 years (median 58 years)). 
Twenty six patients complained of palpitation alone, 
38 had experienced presyncope, and 36 syncope with 
or without palpitation. Symptoms occurred at least 
once per week in 53 patients, at least once per month 
in a further 35 patients, and less than once a month 
in the remaining 12 patients. Table ! shows their 
previous histories. 

Forty two patients had already had conventional 
24 hour electrocardiographic tape monitoring and 17 
(4095) had abnormal results. In these cases the solid 
state recorder was being used either because symp- 
toms continued despite a change in treatment or 
because it was unclear whether the documented 
arrhythmias were the cause of the symptoms. 

Each patient was fitted with the recorder for up to 
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Table 2 Rhythm detected 





No 
Paroxysmal tach: i 
Arnal fibrilla 
Supraventricular tachycardia 3 
Muluform ventricular tachycardia 1 
Frequent extrasystoles (1 m 5 or more): 
Atrial 
Ventricular 9 
Occasional extrasystoles (atrial or ventricular) 27 
Sinus tachycardia (> 120 beats/min) 10 


Bradycardia: 
Junctional rhythm (rate 28 ise e 1 
Sinus bradycardia (rate 25 beats/min)* 1 
Sinus bradycardia and sinus arrest (> 13 s) 1 
Sinus arrest (2 8) 1 
Intermittent atrioventricular dissociation 2 


No events 31 
(Total) (100) 
*This patient had an episode of loss of consciousness and her 
husband pressed the event button. Because there was sinus 
brady at the start of the recording the rhythm ar the nme 


of the acute event was never documented. She was peced and 
remains symptom free. 


three weeks. The patient first returned to the electro- 
cardiography department after recording two events 
or after one week. If no events had been recorded or 
if the rhythm was found to be sinus rhythm, or sinus 
rhythm with atrial or ventricular extrasystoles, new 
electrodes were applied and the patient was encour- 
aged to continue recording for the remainder of the 
three week period. 


Results 





Of the 100 patients who used the recorder, 36 





Brown, Dawkins, Davies 
recorded one event and 33 made two or more record- 
ings (table 2). For each patient only the most 
significant arrhythmia is shown. Fifty six patients 
made recordings that were considered completely 
diagnostic and these included 19 important arrhyth- 
mias. Thirteen further patients made recordings that 
were of some diagnostic value. 

Fourteen episodes of paroxysmal tachycardia were 
recorded; multiform ventricular tachycardia was 
recorded in one patient (figure) and episodes of 
supraventricular tachycardia were recorded in the 
remainder. In five cases the arrhythmia was present 
at the start of the recording and the initiating event 
was not seen. Five of the patients with supra- 
ventricular tachycardia also had recordings showing 
sinus rhythm with infrequent atrial extrasystoles. In 
five of 14 cases of tachycardia and one of three cases 
of bradycardia the arrhythmia was only present in 
the pre-event segment of the memory (that is the 
patient had returned to sinus rhythm by the time the 
event button was pressed). All five patients with bra- 
dycardia or intermittent atrioventricular dissociation 
had suffered from syncope at some time; they there- 
fore had a permanent endocardial pacemaker 
inserted and they remain symptom free. 

Thirteen of the 19 patients with important 
arrhythmias had no previous cardiac history. Eight 
of the 12 patients with frequent extrasystoles had 
identical recordings on at least two occasions. The 
finding of normal sinus rhythm or occasional extra- 
systoles was regarded as diagnostic only if a similar 
recording was produced on two or more occasions in 
association with symptoms (14 of 27 patients). 
Thirty-one patients recorded no events; however, 10 
of them had not used the recorder for the full three 
week period. Twelve of the patients with no events; 
had had infrequent symptoms (<1 per month), and 
in seven drug treatment had been changed before 
they started to use the device. 

Some patients found the recorder inconvenient to 
wear for long periods; other problems included loos- 
ening of the electrodes and patient interference with 
the recorder (for example removal of the batteries 
after recording had been made erased the memory). 
In the current model removal of the batteries does 
not erase the stored results which are backed up 
independently. 








Figure Solid state recording of an episode of multiform ventricular tachycardia. 


Ambulatory monitoring 


Table 3 Comparison between 24 hour electrocardiographic 
tape and solid-state recorder 
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Solid-state recorder 





Sinus rhythm Definite No Total* 
or extrasystoles abnormality events 
24 ECG tape 
Sinus rhythm 
or extra- 
systoles 1 6 8 25 
Definite 
abnormality 5 7 2 14 


*We excluded three patients in whom drug treatment was 
changed between the two investigations. 

Table 3 compares the results of recordings 
obtained with the solid-state device and a con- 
ventional 24 hour electrocardiogram. 


Discussion 


These results show that this solid-state recorder may 
be of considerable diagnostic value in the assessment 
of patients with palpitation, dizziness, or syncope. 
Among our patients, of whom two thirds gave no 
previous history of cardiac disease, important 
arrhythmias were demonstrated in 19% and a fur- 
ther 22% had multiple extrasystoles or sinus tachy- 
cardia. The “negative” finding of normal sinus 
rhythm or occasional extrasystoles in 27% is also of 
value because the patient could be reassured that no 
important rhythm disturbance coincided with the 
symptoms. These data compare favourably with 
conventional 24 hour electrocardiographic mon- 
itoring, which can be expected to provide useful 
diagnostic information in up to 65%, of recordings.® 

The pre-event segment of memory is useful in 
several ways. Firstly, the initiating sequence of a 
rhythm disturbance can be documented; this may be 
crucial to the accurate identification of an arrhyth- 
mia. Second, short lived arrhythmias may be docu- 
mented; in this study six of 17 patients with 
paroxysmal arrhythmias had returned to sinus 
rhythm by the time the event button was pressed. In 
this subgroup a diagnosis would not have been made 
by conventional patient-activated devices which 
only record from the moment the button is pressed. 
This factor may account for the poor results 
obtained with the Cardiomemo recorder, a patient- 
activated device without a pre-event memory.” 

In six patients 70 seconds of pre-event memory 
were insufficient to capture the onset of the arrhyth- 
mia. In our current model the timing sequence may 
be varied to enable one recording of 160 seconds to 
be made, two of 80 seconds, four of 40 seconds, or 
eight of 20 seconds. A single 160 second recording is 
particularly appropriate for the patient with syn- 
copal attacks as it may take one or two minutes for 
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the patient to recover consciousness and activate the 
event button. 

We were surprised that we only documented a 
single episode of ventricular tachycardia because a 
preponderance of atrial arrhythmias was noted with 
other patient-activated devices.*? This may merely 
reflect the relative frequency of supraventricular 
arrhythmias in a normal population; an alternative 
explanation may be the small proportion (23%) of 
patients with ischaemic heart disease in this study. 

Because the recorder will only provide a record of 
symptomatic arrhythmias it is not a substitute for 
traditional 24 hour electrocardiographic monitoring 
in circumstances where asymptomatic arrhythmias 
are likely (such as ischaemic heart disease and dilated 
or hypertrophic cardiomyopathy). The use of the 
recorder is therefore complementary to 24 hour tape 
monitoring rather than a substitute for it (table 3), 
Future modifications of the microprocessor program 
to facilitate automatic recordings at times of asymp- 
tomatic arrhythmias would be an advantage. Early 
experience with a commercially available instru- 
ment, the Instant Replay transtelephonic monitor 
(Instromedix Inc),? which includes many of the fea- 
tures of the device described in this paper, accords 
with our view of the usefulness of such recorders. 

The simplicity of the recorder and the ease with 
which stored data can be analysed on standard 
equipment make the device suitable for use in dis- 
trict general hospitals. 
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Failure of propranolol to improve exercise tolerance in 
patients with mitral stenosis in sinus rhythm 


MAYER M BASSAN,* JOSEPH MICHAELI, ODED SHALEVt 


From the tDepartment of Internal Medicine, Hadassah Hebrew University Medical Center, Mt Scopus; and 
the * Jerusalem Heart Clinic of Kupat Holim, Jerusalem, Israel 


SUMMARY Propranolol reduces left atrial pressure at rest and during exercise in patients with 
mitral stenosis by lowering cardiac output and heart rate. Ten patients (aged 19-56) with mod- 
erate to severe isolated mitral stenosis were studied to determine whether propranolol increased 
their exercise tolerance. All were in sinus rhythm and free of left or right ventricular failure. 
Patients were trained in an individually graded bicycle or treadmill exercise protocol that pro- 
voked a reproducible degree of near maximal dyspnoea during the second three minute stage of 
exercise. Propranolol (80 mg or 120 mg) or matching placebo in two or three divided daily doses 
was given for one week in random double blind fashion. Exercise testing and questioning about 
subjective clinical response were carried out at the end of each week by an investigator who was 
unaware of the patient's heart rate. During propranolol treatment the heart rate was 19 
beats/minute slower at rest and 38 beats/minute slower at peak exercise, but there was no change 
in mean exercise time to dyspnoea (274 s during propranolol vs 283.s during placebo). Four 
patients felt worse during the propranolol week, one patient felt better during the propranolol 
week, and five patients felt no difference between the two weeks. 

Propranolol did not improve objective or subjective exercise tolerance in patients with isolated 


mitral stenosis in sinus rhythm. 


The potential beneficial effect of $ blockade in pa- 
tients with mitral stenosis has been studied over the 
past 20 years.! ? The rationale for these in- 
vestigations was the understanding that the pressure 
gradient across a stenotic mi valve rises ex- 
ponentially as the heart rate and cardiac output in- 
crease.* Thus the increases in heart rate and cardiac 
output that occur during exercise lead to higher left 
atrial and pulmonary venous pressure, which are the 
presumed cause of the exertional dyspnoea of mitral 
stenosis.? f blockade, by blunting the rises in heart 
rate and cardiac output during exercise, and thereby 
increasing the diastolic filling period and reducing 
transvalvar flow, would be expected to reduce the 
increase in pulmonary venous pressure at any given 
level of exercise. Indeed, in studies in which intra- 
venous pronethalol! or propranolol? 3 were given to 
patients with mitral stenosis during diagnostic car- 
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diac catheterisation, heart rate and cardiac output 
were reduced, with an accompanying fall in left atrial 
pressure at rest and a reduced rise during exer- 
cise.! ^? The usual conclusion of these studies was 
that long term treatment with f blockers would be 
likely to benefit patients with mitral stenosis. 

Cumming and Carr, however, suggested that the 
negative inotropic effect of propranolol on the left 
ventricle, as well as the reduction in cardiac output, 
would be likely to cause an overall deterioration in 
cardiac performance, and thus the drug would not be 
of value in mitral stenosis.? Furthermore, $ blockade 
has not gained widespread acceptance in the treat- 
ment of patients with mitral stenosis." The only in- 
vestigation of the effect of f blockade on exercise 
testing found that the treatment was of benefit; but 
the study was flawed by a single blind protocol and 
a poorly defined end point for cessation of exercise.® 

To investigate further the potential benefit of the 
treatment of mitral stenosis with f blockade we have 
used an individually formulated exercise protocol to 
evaluate in a double blind trial the effect of pro- 
pranolol on exercise tolerance in patients with mitral 
stenosis. 
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Failure of propranolol to improve exercise tolerance in patients with mitral stenosis in sinus rhythm 


Patients and methods 


We studied ten patients with isolated mitral stenosis. 
The diagnosis was established by typical auscul- 
tatory, electrocardiographic, radiographic, and 
echocardiographic findings. The patients were in 
New York Heart Association functional class II or 
III and five had valve surgery 1-24 months after 
completing the study protocol. In eight patients the 
mitral valve area was estimated by cross sectional 
echocardiography while in the other two an esti- 
mation was available in the report of the operation 
(table). No patient had echocardiographic evidence 
of left ventricular enlargement or abnormal left ven- 
tricular function. None of the patients had evidence 
of right heart failure. No patient had obstructive 
lung disease or any other contraindication to 
B blockade. 

Patients were trained according to an individual 
exercise protocol to reach a reproducible degree of 
near maximal dyspnoea. Five patients performed bi- 
cycle exercise and five exercised on a treadmill. In- 
crements per three minute stage were 20 W and 1-0 
kph respectively. In the training phase the patient 
became accustomed to the exercise laboratory and 
staff, recognised his dyspnoea end point, and at- 
tained a certain amount of physical conditioning. 
Achievement of stable performance (less than a 30 
second variation in exercise duration) usually re- 
quired 8-12 exercise bouts over several weeks with 
2-3 bouts per session. There was invariably an im- 
provement of at least one three minute stage during 
the training phase, and the starting level in watts or 
inchne/speed for the study phase was chosen so that 
end point dyspnoea was reached after 3-6 minutes of 
exercise. At the final training session the patient was 
given a test dose of 40 mg of propranolol and was 
observed for several hours for possible adverse 
effects as well as for the degree of induced bra- 
dycardia. 

During the study phase propranolol or matching 
placebo were given for one week each in randomised, 


Table Data on dividual patients 
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double blind crossover fashion. The daily dose of 
propranolol was 80 or 120 mg (in two or three di- 
vided doses), according to body weight and the de- 
gree of bradycardia induced by the test dose. During 
a third week all patients except case 1 were given half 
the previous propranolol dose single blind. At the 
end of each week the patient was questioned in detail 
about beneficial or adverse effects by an investigator 
who did not know the patient’s heart rate. 

An exercise evaluation consisting of two bouts one 
hour apart was carried out at the end of each week. 
In order to maintain the double blind character of 
the study two investigators were present and one of 
them remained unaware of the patient’s heart rate. 
Patients exercised according to the protocol that was 
established during the training phase. Patients were 
fasting. The dose of study medication was taken one 
and a half to two hours before the test. The patient’s 
electrocardiogram was monitored continuously, and 
heart rate was recorded at rest, at three minutes, and 
at peak exercise. The investigator who remained un- 
aware of the patient’s heart rate stood out of view of 
the monitor, the recorder, and the clock, and decided 
with the patient when the end point of near maximal 
dyspnoea had been reached. This investigator then 
signalled the other investigator to stop the timer and 
record the heart rate. The blinded investigator then 
counted the number of respirations during the first 
minute after the end of exercise. 

In patients 5-10 the blinded investigator mea- 
sured the peak expiratory flow at the end of each 
week with a Wright peak flow minimeter. 

We explained to each patient that this was a re- 
search study and obtained their informed consent. 
The study was approved by the institutional com- 
mittee on research on human subjects. 


STATISTICAL ANALYSIS 

We used a mean of the two values for each exercise 
variable from the two bouts to represent the patient’s 
exercise performance for that day. We used Stu- 
dent’s r test for matched pairs to compare heart rates 








Panent Age Sex Mitral valve area Starting exercise level 
1 56 F lla E 40 W 
2 4l F “Severe stenosis" S 40 W 
3 43 M 0-7 cm? E 60 W 
“Severe stenosis" S 
4 39 F 10cm? S 10 W 
5 27 F 14cm? E; 10m? S 40 W 
6 35 M 17 cm? 14%, 5 0 kph 
7 40 F 13 cm? E 1496, 4 0 kph 
8 49 M 09 cm? E 14%, 4 0 kph 
9 19 F 12cm? E, 1 I emê S 10%, 3 0 kph 
10 38 M 0-8 cm? E 16%, 35 kph 





E, Echocardiographic estimate, S, estimate at operation. 
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and exercise times during the placebo, propranolol, 
and half-dose propranolol weeks. Results are ex- 
pressed as means (1 SE). 


Results 


Six patients received propranolol during the second 
week of the study. Mean heart rates were markedly 
lower during propranolol treatment than during 
placebo treatment: 55 (1) beats/min vs 74 (2) 
beats/min at rest (p<0-0001); 103 (3) vs 132 (4) 
beats/min at 3 minutes exercise (p < 0-0001); and 115 
(5) vs 151 (6) beats/min at peak exercise (p < 0-0001) 
(fig 1). All exercise bouts were stopped because of 
dyspnoea, and there was no difference in mean exer- 
cise time to near maximal dyspnoea between the pro- 
pranolol and placebo weeks: 274 (25) s vs 283 (26) s 
(NS) (fig 2). During the third week, when patients 
received half the previous propranolol dose, heart 
rates were 63 (2) at rest, 115 (5) at three minutes, and 
127 (4) at peak exercise (p « 0-005) for all values 
compared with placebo); but again there was no 
change in the mean duration of exercise (267 (23) s). 
The mean number of respirations during the first 
minute after exercise was 28 during propranolol 
treatment and 29 during placebo, indicating a similar 
degree of dyspnoea. 

In response to questions about exertional dys- 
pnoea, palpitation, fatigue, and overall wellbeing 
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Fig 1 Mean heart rates at rest after three minutes of ex- 


ercise, and just before stopping exercise because of dyspnoea. 
Exercise tests were performed at the end of each treatment 
week, 
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Fig 2. Exercise times to near maximal dyspnoea during the 


exercise tests performed at the end of each treatment week. 
Individual results and group means ( SE) are shown. 


during the two blinded treatment weeks, five pa- 
tients felt no difference between the two weeks, four 
patients felt worse on propranolol, and one patient 
felt slightly better on propranolol. 

Among the six patients in whom peak flow rate was 
measured the mean rates were identical during 
placebo and propranolol treatment. 


Discussion 


Despite haemodynamic observations that suggested 
that propranolol would be likely to increase exercise 
tolerance in patients with mitral stenosis,’ ^ * our re- 
sults indicate that treatment with this drug improves 
neither subjective nor objective exercise ability. The 
often poor correlation between improvement in hae- 
modynamic variables in chronic heart failure and 
improvement in symptoms has been increasingly ap- 
preciated in recent years, and formal exercise testing 
is thus being used more frequently to evaluate 
changes in functional state in patients in heart fail- 
ure.” In such cases it is crucial that the exercise test 
procedure objectively measures exercise capacity, 
and attention has been called to the subjectivity of 
symptomatic end points that are influenced by pa- 
tient motivation and observer bias." For this reason 
we trained our patients carefully before the experi- > 
mental phase until a reproducible end point of near 
maximal dyspnoea was achieved; after this the study 
itself was carried out in double blind fashion. 

In addition, ia the minute immediately after exer- 
cise we measured the respiratory rate as a further 
indication of the degree of dyspnoea achieved. We 
used an individually formulated exercise protocol 
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designed to produce a baseline exercise duration of 
3-6 minutes on the model of the Redwood protocol!? 
used in studying angina pectoris. Although exercise 
duration may be somewhat shorter than with stan- 
dard exercise protocols, the briefer, more intense 
exercise is probably more similar to the type of effort 
that limits patients in their daily activities (for exam- 
ple two flights of stairs or 100 metres uphill). We 
have considerable experience with such a protocol in 
evaluating antianginal drugs, and have found that 
despite the shortness of the exercise, even exten- 
sively trained patients are capable of considerable 
increases in exercise duration after receiving an 
effective drug.!! The end point of “near maximal 
dyspnoea" was defined to the patient as that degree 
of breathlessness which would cause him to rest dur- 
ing his ordinary exertion at a time when he was not 
in a particular hurry. Our subjects each performed a 
total of approximately 15 exercise bouts during the 
training and experimental phases of the study and we 
felt that it would be unfair to require them to exercise 
repeatedly to maximum dyspnoea or exhaustion. 
This might have made them less willing to complete 
the study. 

In the only other investigation that used formal 
exercise testing to study the effect on exercise (it 
found fi blockade to be of benefit) the patients were 
not trained, the end point was defined as "exhaus- 
tion, dizziness or severe dyspnoea", and the in- 
vestigator supervising the exercise tests knew the 
patient's heart rate and thus could guess whether the 
patient was receiving a f blocker or a placebo. Our 
own blinding procedure, however, prevented only 
the influence of a bias in favour of propranolol. Since 
the blinded investigator was aware of the patient's 
baseline exercise performance, a bias against the 
effectiveness of propranolol could have influenced 
the decision as to when to terminate an exercise bout. 
'The effect of this potential influence was limited 
because the blinded investigator could not see the 
clock. In fact the original hypothesis was that pro- 
pranolol would be effective; it was only when we 
were midway through the study that we adopted the 
opposite view. 

Although we did not use large doses of pro- 
pranolol we added a third week at half dose to be 
certain that we would not miss a therapeutic effect 
because of excessive f blockade. The reductions in 
heart rate at rest and at peak exercise were less than 
on the full doses of propranolol, but there was still no 
difference in exercise duration. 

Although we did not measure pulmonary venous 
pressure, it is reasonable to assume, given the reduc- 
tions in resting and exercise heart rates during treat- 
ment with # blocker, that the usual rise in pulmonary 
venous pressure seen during exercise in patients with 


mitral stenosis was blunted. Why then was there no 
concomitant improvement in exercise tolerance? 

Although the classic view has been that the exer- 
tional dyspnoea of mitral stenosis is the result of the 
increased pulmonary venous pressure and volume 
that occurs during exercise,'? the difficulty of sepa- 
rating the effects of pulmonary venous hypertension 
from the insufficient increase in cardiac output and 
oxygen delivery to exercising muscles has been long 
noted.!? Failure to find a correlation between the 
degree of lung rigidity and the degree of dyspnoea 
suggested that the pulmonary changes in mitral 
stenosis might not be the primary cause of the dys- 
pnoea.!? Recent studies on the ventilatory responses 
to exercise in patients with chronic left ventricular 
failure have suggested that the exertional dyspnoea is 
primarily the result of the insufficient cardiac output 
and inadequate oxygen transport to working muscle, 
rather than of the increase in pulmonary venous 
pressure.!* !* Although the patients in these studies 
had left ventricular failure rather than mitral steno- 
sis,!* '> the presence of the combination of a rise in 
pulmonary venous pressure in the face of an 
insufficient increase in cardiac output during exer- 
cise in both stages suggests that the same mechanism 
of dyspnoea may be operating. Thus while f block- 
ade in patients with mitral stenosis might have a 
beneficial effect on pulmonary venous hypertension, 
the deleterious effect on the possibly more important 
factor of cardiac output may explain our failure to 
find a clinical improvement. 

An additional explanation for the ineffectiveness 
of f blockade in mitral stenosis may be that right 
ventricular function is depressed. An abnormal right 
ventricular response to exercise has been demon- 
strated in patients with mitral stenosis in the absence 
of resting right ventricular failure,!? and at the same 
time it has been shown that right ventricular ejection 
fraction is highly correlated with exercise capacity in 
patients with chronic left ventricular failure.' 

Whatever the mechanism, the results of our study, 
which is the first double blind investigation of this 
issue, suggest that f blockade does not have a role in 
the treatment of patients with isolated mitral stenosis 
in sinus rhythm. 


This study was supported by a grant from the Mac 
Ramer Heart Research Scholarship Fund, Flushing. 
New York. 
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Inheritance of hypertrophic cardiomyopathy: a cross 
sectional and M mode echocardiographic study of 
50 families 
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SUMMARY To determine the mode of inheritance of hypertrophic cardiomyopathy 193 first 
degree relatives (parents, siblings, and offspring) of 50 patients with hypertrophic cardio- 
myopathy were assessed by clinical examination, electrocardiography, M. mode and cross sec- 
tional echocardiography, and necropsy when available.-Thirty nine (20%) first degree relatives 
had hypertrophic cardiomyopathy—37% of parents, 25% of siblings, and 8% of offspring. Eight 
(23%) of 35 affected relatives diagnosed by echocardiography had normal clinical and electro- 
cardiographic findings. In the total study group 43% of the male population and 30% of the 
female population were affected. This difference is statistically significant. In 28/50 families there 
was familial occurrence of hypertrophic cardiomyopathy. Familial occurrence was demonstrated 
in 17 of 18 families in which five or more family members were assessed. In 15 families the pattern 
of inheritance was consistent with an autosomal dominant trait; in the other 13 the affected 
members were identified in a single generation and the pattern of inheritance could not be deter- 


mined. 


The familial occurrence of hypertrophic cardio- 
myopathy is well documented. Before the devel- 
opment of echocardiography one third of cases were 
considered “genetic” and two thirds “sporadic’’.! ? 
With the widespread use of echocardiography in the 
1970s, many cases of hypertrophic cardiomyopathy 
were diagnosed in patients without clinical evidence 
of the disease.? M. Mode echocardiography studies 
suggested that about 50% of first degree relatives of 
cases were affected and that hypertrophic cardio- 
myopathy was probably always transmitted as an 
autosomal dominant trait with a high degree of 
penetrance.*~ © 

The accuracy of echocardiographic diagnosis of 
hypertrophic cardiomyopathy has increased with 
the introduction of cross sectional  echo- 
cardiography, better understanding of the criteria 
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for the diagnosis,’ and an appreciation of the mor- 
phological spectrum of the disease.?? In a recent 
cross sections] and M mode echocardiographic 
study of 70 families with hypertrophic cardio- 
myopathy 56% showed familial occurrence of the 
disease.'° Twenty two per cent of first degree rela- 
tives were affected. Parents and siblings were 
affected more frequently than offspring. The most 
common pattern of inheritance was autosomal domi- 
nant but 44% of cases were apparently sporadic. 

We have investigated the inheritance of this dis- 
ease in a New Zealand population. 


Patients and methods 


SELECTION OF PATIENTS 

The study protocol was approved by the Green 
Lane Hospital ethics committee. Seventy patients 
met our selection criteria as probands: (a) review at 
Green Lane Hospital between January 1964 and 
May 1984, (5) characteristic clinical features of 
hypertrophic cardiomyopathy supported by echo- 
cardiographic or haemodynamic and angio- 
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cardiographic studies or both, (c) residence within 
200km of Green Lane Hospital at time of 
presentation, (d) presentation independent of a fam- 
ily history of hypertrophic cardiomyopathy. Dead 
patients were included as probands. In two instances 
in which two first degree relatives met these criteria 
the subject presenting first was considered to be the 
proband. Four probands were related (an uncle and 
nephew in one family, two first.cousins in a second 
family). Twenty patients were excluded: 12 were 
lost to follow up, six had no first degree relatives 
available for study, and two were unwilling to par- 
ticipate in the study. 

During 1984, 39 probands were reassessed at 
Green Lane Hospital. Nine probands had died, and 
two were not available for reassessment. The 50 pro- 
bands had a total of 341 first degree relatives. One 
hundred and seventy eight first degree relatives 
assessed at Green Lane Hospital had cross sectional 
and M mode echocardiographic studies adequate to 
confirm or exclude hypertrophic cardiomyopathy. 
Two first degree relatives had been previously 
assessed at Green Lane Hospital. Diagnostic infor- 
mation was obtained on eight first degree relatives 
assessed in other centres,* and necropsy information 
adequate to confirm (four relatives) or exclude (one 
relative) hypertrophic cardiomyopathy was obtained 
on five first degree relatives. 

We attempted to establish the cause of death in all 
dead first degree relatives from death certification, 
medical, hospital, and necropsy reports. We were 
unable to confirm or exclude hypertrophic cardio- 
myopathy in 148 first degree relatives (82 were dead 
and inadequate clinical/necropsy data were avail- 
able, 47 lived in areas too remote from Green Lane 
Hospital, 10 were unwilling to participate in the 
study, and in nine echocardiographic studies were 
technically inadequate or systemic hypertension 
precluded definitive classification). 

The final study group consisted of 50 probands 


*Informanon supplied by Dr A P Poole, Southland Hospital, 
Invercargill; and Dr R N Easthope, Wellington Hospital. 
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(28 male, 22 female) and 193 first degree relatives 
(100 male, 93 female) (table 1). Twenty two pro- 
bands and two first degree relatives had undergone 
septal myotomy-myectomy at Green Lane Hospital. 
All subjects assessed at Green Lane Hospital under- 
went clinical examination, 13 lead electro- 
cardiography, and M mode and cross sectional echo- 
cardiography. 

A detailed family history of proband patients was 
taken.including all first degree and second degree 
(grandchildren, nieces and nephews, aunts and 
uncles, grandparents) relatives. There was no evi- 
dence of consanguinity in any family. 


SYMPTOMS AND CLINICAL EXAMINATION 

The symptomatic state was recorded preoperatively 
for probands (22) and relatives (2) undergoing septal 
myotomy-myectomy and at time of assessment for 
subjects (65) not treated surgically. The symptom- 
atic state was not recorded in one affected first 
degree relative because of severe coexisting obstruc- 
tive lung disease and in two relatives the symptom- 
atic state was unknown. Resting supine blood pres- 
sure was measured on two occasions at least 60 
minutes apart and the lower of the two mea- 
surements was recorded. Subjects were classified as 
hypertensive if (a) there was a history of hyper- 
tension or (b) blood pressures were consistently 
> 140/90 mm Hg. Audible fourth heart sounds (or a 
palpable presystolic impulse), systolic murmurs of 
grade II/VI intensity or greater, and diastolic mur- 
murs were recorded as abnormal. Third heart 
sounds in patients less than 20 years and systolic 
murmurs of grade I/VI intensity were not recorded 
as abnormal. 


ELECTROCARDIOGRAPHY 

Electrocardiogram data were available for review in 
all probands and in 184 of 193 first degree relatives. 
Left ventricular hypertrophy, atrial hypertrophy, 
abnormal Q waves (>0-04s and >25% of the R 
wave), rhythm and conduction abnormalities were 
documented on a resting 13 lead electrocardiogram. 


'Table1 Demographic data in probands, affected relatives, and unaffected reiatives, excluding relatives with probable" 


hypertrophic cardiomyopathy 


Parents 
Subject 
Characteristics 


Probands Unaffected 


No with definite 


hypertrophic 

cardiomyopathy 
Mean age (years) 

(SD) 
Median age (years) 
Age range (years) 


*Eight months. 


Siblings Offspring 
Affected Unaffected Affected Unaffected 
22 64 6 66 
39-4 373 265 232 
79) (165) (21 0) (128) 
36 39 24:5 225 

7-15 8-72 8/12*-63 3-60 
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The minimum criterion for left ventricular hyper- 
trophy was a voltage (SV, + RV,” or SV, + RV,) 
of 35-60 mm (45-60mm in children less than 18 
years).!! Electrocardiogram data were recorded pre- 
operatively in subjects undergoing septal myotomy- 
myectomy. 


ECHOCARDIOGRAPHY 

Cross sectional echocardiographic studies were per- 
formed with a Toshiba SSH 10A electronic phased 
array sector scanner with a 2-4 MHz transducer. 
Images were recorded on 74 inch video cassette for 
subsequent review. M mode echoes were obtained 
simultaneously with direct visualisation by means of 
the cross sectional scanner and were recorded with a 
Honeywell model L56AHS stripchart recorder 
interfaced with the sector scanner. 

The thickness of the interventricular septum and 
posterior free wall was measured at the onset of the 
QRS complex in the same cardiac cycle with the 
ultrasound beam directed slightly caudal to the 
mitral valve leaflets. The leading edge method was 
used.!? M mode measurements were compared with 
normal values related to age and body weight mea- 
sured during the same phase of the cardiac cycle.!? 

Cross sectional echocardiograms of parasternal 
long and short axis, apical four and two chamber, 
and subcostal views were recorded.!? Short axis left 
ventricular views were obtained by orienting the 
transducer perpendicularly to the long axis of the 
left ventricle from a parasternal location where the 
septum was most nearly perpendicular to the ultra- 
sound beam. Serial short axis views were obtained 
during a sweep performed by maintaining the trans- 
ducer in a fixed location on the chest wall and 
angling the image plane from aorta to apex. Empha- 
sis was placed on achieving images in which the 
entire left ventricular endocardium and epicardium 
were well defined and in which the left ventricular 
cavity was most nearly circular. 

Assessment of hypertrophy on cross sectional 
recordings was assessed by careful review of the real 
time recording and by measurement of wall thick- 
ness directly from the video screen with callipers. 
All M mode and cross sectional echocardiographic 
recordings were assessed by two independent 
observers (SCG, AHGR). Where there was dis- 
agreement (three patients) the echocardiograms 
were jointly reviewed and a decision reached. 


DIAGNOSTIC CRITERIA FOR HYPERTROPHIC 
CARDIOMYOPATHY 

The diagnostic criterion for hypertrophic cardio- 
myopathy was left ventricular hypertrophy without 
` dilatation of the left ventricular cavity in the absence 
of another cardiac or systemic disease capable of 
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causing left ventricular hypertrophy. On M mode 
echocardiography, the criteria for left ventricular 
hypertrophy was increased wall thickness (inter- 
ventricular septum (IVS) only or interventricular 
septum and posterior free wall (PFW)) clearly 
greater than the upper 95% confidence interval.!? 
Asymmetrical septal hypertrophy (IVS:PFW 21-3) 
without clear evidence of left ventricular hyper- 
trophy was not a criterion (16 subjects). On cross 
sectional echocardiography hypertrophy was con- 
sidered to be present if wall thickness was clearly 
215mm in subjects who were 716 years. In sub- 
jects «16 years hypertrophy was considered to be 
present if wall thickness was «3mm than the upper 
95% confidence interval of M mode recordings.!? 

Five probands and six first degree relatives desig- 
nated as having hypertrophic cardiomyopathy had a 
history of systemic hypertension but were included 
because of clinical features suggestive of hyper- 
trophic cardiomyopathy or because the degree of left 
ventricular hypertrophy on echocardiography 
clearly exceeded that attributable to the hyper- 
tension. 

Eight relatives were designated as having proba- 
ble but not definite hypertrophic cardiomyopathy 
because (a) systemic hypertension obscured the 
diagnosis (three subjects); (b) ventricular wall thick- 
nesses were borderline (four subjects); (c) in one 
dead subject available clinical data strongly sug- 
gested hypertrophic cardiomyopathy but no diag- 
nostic echocardiographic or necropsy information 
was available. 


STATISTICAL ANALYSIS 

Modes of inheritance in the study group were anal- 
ysed by a simple segregation analysis which deter- 
mined the proportion of first degree relatives 
affected by hypertrophic cardiomyopathy. Affected 
first degree relatives were counted after excluding 
the proband from the pedigree. 

The 95% confidence intervals for segregation 
ratios (proportion of first degree relatives affected) 
are the 95% confidence intervals for the binomial 
distribution. They were achieved by logistic trans- 
formation, which gives asymmetric confidence lim- 
its. This gives a more precise definition of group 
limits than methods giving symmetrical limits.!^ 

Student's unpaired ¢ test and y? test were used 
where appropriate. 


Results 


DIAGNOSIS IN RELATIVES 

Definite hypertrophic cardiomyopathy was diag- 
nosed in 35 first degree relatives by echo- 
cardiography and in four by review of necropsy and 
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clinical records. Of the 35 diagnosed by echo- 
cardiography, eight (23%) had normal clinical 
examinations and electrocardiogram, one (3%) had 
an abnormal clinical examination but normal elec- 
trocardiograms, 10 (29%) had an abnormal electro- 
cardiogram but normal clinical examination, and 16 
(46%) had abnormal features on both clinical exam- 
ination and electrocardiograms (fig 1). Of these 35 
relatives diagnosed by echocardiography, 11 (31%) 
had previously been diagnosed as having hyper- 
trophic cardiomyopathy, six (17%) had been pre- 
viously Known to have a cardiac abnormality not 
diagnosed as hypertrophic cardiomyopathy, and 18 
(51%) were not known to have any cardiac abnor- 
mality before the study. 


SEGREGATION RATIO 

Thirty nine (20%) of 193 first degree relatives were 
affected with hypertrophic cardiomyopathy (fig 2). 
If those patients classified as having probable hyper- 
trophic cardiomyopathy are included, 47/193 (24%) 
were affected. The frequency of definite cases in 
offspring (6/74, 8%) was significantly less than that 
in siblings (22/89, 25%, p < 0-005) or parents 
(11/30, 37%, p < 0-005) (fig 2). The difference 
between parents and siblings was not statistically 
significant. If those patients with probable hyper- 
trophic cardiomyopathy are included, 47% of par- 


23%% (n8) 
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Fig 2 Numbers and percentages of parents, siblings, and 
offspring studied with definite hypertrophic cardiomyopathy. 
Ninety five per cent confidence intervals are shown and each 
group is separated into male and female subjects. 


ents, 28% of siblings, and 11% of offspring were 
affected (difference between parents and siblings, 
NS; parents and offspring, p < 0-001; siblings and 
offspring, p < 0-005). Among parents, siblings, and 
offspring males were affected more frequently than 
females (fig 2). In the total group of probands and 
first degree relatives, 55 (43%) of 128 of the male 
population and 34 (30%) of 115 of the female popu- 
lation were affected (p < 0-05). 

Twenty eight of 50 pedigrees showed familial 
occurrence of definite hypertrophic cardio- 
myopathy. The frequency with which hypertrophic 
cardiomyopathy was identified in relatives increased 
with the number of subjects studied (table 2). In 
these 28 pedigrees, 67% of all first degree relatives 
were studied. In the 22 pedigrees in which no rela- 
tives were affected, 40% of all first degree relatives 
were studied (p < 0-01). 

All pedigrees were examined for features of auto- 
somal dominant, recessive, and X-linked 
inheritance. In 15 pedigrees with hypertrophic car- 
diomyopathy in successive generations there were 
16 instances of transmission from one generation to 
the next. Male to male transmission occurred in 
eight cases, male to female transmission in three 
cases, female to female transmission in one case, and 
female to male transmission in four cases. Male to 
male transmission excludes X-linked recessive 
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Table 2 Frequency of familial hypertrophic 
cardiomyopathy (HCM) related to the number of first 
degree relatives studied 





Pini N j Number and si e 
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relatrves studied pedigrees ten ii 
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4 9 2 (22%) 

5 5 4 10% 

6 5 5 (100% 

7 4 4 (10095 

$ 3 3 (10095) 

10 

11 1 1 (100%) 

"Total 193 28 





inheritance and X-linked dominant inheritance. 

In 15/28 pedigrees the pattern of inheritance was 
most consistent with an autosomal dominant trait— 
that is affected relatives were identified in successive 
generations. In the other 13 pedigrees affected rela- 
tives were identified in only one generation and the 
pattern of inheritance could not be specified. 
Detection of hypertrophic cardiomyopathy in par- 
ents and siblings (but not offspring) of probands was 
related to the percentage studied (table 3). 

For seven probands both parents were available 
for study. One parent was affected in five pairs and 
both parents were normal in two pairs. All siblings 
in the latter two families were studied. In the first, 
one of five siblings was affected and in the second all 
three siblings were normal. Neither of the two pro- 
bands had children. These two pedigrees may repre- 
sent recessive inheritance, incomplete penetrance 
or, in the second case, sporadic disease. 

The low frequency of hypertrophic cardio- 
myopathy in offspring raises the possibility that 
hypertrophic cardiomyopathy is a progressive disor- 
der which may develop later in life. Regression ' 
equations were derived to determine the change in 
interventricular septal thickness with age in normal 
subjects, probands, and affected relatives. 
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y = bx + a(+sy:x) where y = septal thickness 
(as percentage of predicted); x = age; b = slope; a 
= intercept; s = a constant. 

When corrected for weight and for the normal 
slight increase that occurs with age,!? inter- 
ventricular septal thickness did not change appre- 
ciably with age in normal subjects (fig 3) (p = 0:31) 
and tended to be greater with increasing age in 
affected relatives (fig 4) but this was not statistically 
significant (p — 0-26). An apparent inverse trend 
with age in probands (fig 5) (just significant p = 
0-048) is probably related to exclusion of severely 
affected subjects from older age groups by death or 
operation. The mean and median ages were similar 
in affected and non-affected parents, siblings, and 
offspring (table 1). Thus although septal thickness 
may increase with age we have no clear evidence that 
hypertrophic cardiomyopathy is a progressive disor- 
der; however, individual serial studies have not been 
undertaken. 


Discussion 


There are several methodological problems and 
sources of bias that make the study of genetic disease 
difficult and are relevant to this study. (a) Many 
individuals with hypertrophic cardiomyopathy are 
symptom free and would not normally come to clin- 
ical attention. Thus the selection of proband 
patients is biased. Families with more than one 
affected member are more likely to be ascertained, 
producing bias against the ‘detection of sporadic 
cases. (b) The definitive diagnosis of hypertrophic’ 
cardiomyopathy usually requires echocardiographic 
or detailed necropsy study. Because this was a retro- 
spective study such information was not available in 
148 first degree relatives and in these individuals 
hypertrophic cardiomyopathy could not be excluded 
or confirmed. In addition, a small number of first 
degree relatives studied could not be classified 
definitively because of coexisting systemic hyper- 
tension. 

Previous M mode echocardiographic studies have 


Table3 Numbers and percentages of relatives studied in pedigrees i in which hypertrophic cardiomyopathy (HCM) was 
identified tn successive generations or in a single generation, and tn pedigrees with no relatives affected 





Number and Number and Number and Number and percentage 
percentage of percentage of percentage of bo agas er 
parents studied siblings studied offspring studied relatives 
HCM idennfied in successive 
crete pedigrees) 16 (53%) 32 (71%) 24 (89%) 72 (71%) 
H identified ın a single 
Loue (13 pedigrees) 7 (27%) 38 (66%) 20 (95%) 65 (62%) 
H not identified in first 
degree relatives 
(22 pedigrees) 7 (16%) 19 D 30 (e 56 (4095) 
All pedigrees 30 (3095) 89 (54%) 74 (88%) 193 
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Fig 3 Relation of interventricular septal (IVS) thickness 

to age in normal subjects (septal thickness expressed as 

percentage of predicted related to age and body weight). 

Regression equation: IVS thickness (percentage of 

predicted) = 0-059590 x age + 97-2723 ( 12-1325). 
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Age (years) 
Fig4 Relation of interventricular septal (IVS) thickness 
to age in 22 affected relatives of subjects with hypertrophic 
cardiomyopathy (septal thickness expressed as percentage of 
predicted related to age and body weight). Regression 
equation: IVS thickness (percentage of predicted) = 
0-499094 x age + 161 364 ( 3:43 0955). 
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suggested that hypertrophic cardiomyopathy is usu- 
ally transmitted as an autosomal dominant trait with 
high penetrance.* © Our data confirm the finding of 
Maron et al’? that approximately 20% of first degree 
relatives of subjects with hypertrophic cardio- 
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Age (years) 

Fig5 Relation of mterventricular septal (IVS) thickness 

to age in 21 probands ith hypertrophic cardiomyopathy 

(septal thickness expressed as percentage of predicted related 

to age and body weight). Regression equation: IVS thickness 

(percentage of bredicted) = —1 65384 x age + 281-445 


( 3:61:5441). 


myopathy are shown to be affected when they are 
studied by M mode and cross sectional echo- 
cardiography. 

. Factors which may have contributed to the lower 
yield with cross sectional echocardiography are: (a) 
differences in population structure (in our study and 
in that of Maron et al!? offspring and siblings were 
affected significantly less frequently than parents 
and siblings, and comparatively large numbers of 
offspring were included in these studies (table 4)); 
(b) cross sectional echocardiography is more accu- 
rate than M mode echocardiography in defining the 
right and left sides of the interventricular septum 
and in avoiding oblique angulation of the ultrasound 
beam; (c) asymmetrical septal hypertrophy (ratio of 
septal to posterior wall thickness 71:3) used by 
Clark et al and Van Dorp et al,* 5 without clear evi- 
dence of left ventricular hypertrophy, is not a 
reliable diagnostic criterion for hypertrophic cardio- 
myopathy. Neither is an absolute septal thickness of 
> 1-3 cm unrelated to age and body weight (Bjarna- 
son et alô), It is unclear from Clark et al and Van 
Dorp et al*? how many individuals were diagnosed 
solely on the basis of a ratio. Sixteen subjects in our 
study had asymmetrical septal hypertrophy but were 
not regarded as having definite hypertrophic cardio- 
myopathy. Because of inaccurate diagnostic criteria 
and technical limitations, M . mode echo- 
cardiography has probably overestimated the per- 
centage of first degree relatives affected in families 


Inheritance of hypertrophic cardiomyopathy 


Table 4 Numbers of parents, siblings, and offspring studied in genetic studies of hypertrophic cardiomyopathy 


No of parents and 
Total siblings studied 
relatroes studied as % of total 
Clark et ai* 105 72 i07 
Bjarnason et alf 44 35 (80% 
Maron et al'? 296 157 (53%) 
Greaves et al 193 119 (62%) 
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Percentage of No of offspring 
parents and studied as % of Percentage of 
siblings affected total offspring affected 
53% 33 (31%) 30% 
46% 9 (20%) 20% 
28% 139 ae 14% 
2896 74 (38% 96 


Van Dorp st al’ excluded from analysis because of inclusion of first cousins. 


with hypertrophic cardiomyopathy. 

Fifty six per cent of all pedigrees showed familial 
occurrence of hypertrophic cardiomyopathy. The 
frequency with which hypertrophic cardiomyopathy 
was identified in first degree relatives increased with 
tbe number of subjects studied. Hypertrophic car- 
diomyopathy was identified in 67% of 30 families 
where three or more first degree relatives were stud- 
ied, and in 95% of 18 families where five or more 
relatives were studied, indicating a strongly familial 
trait. 

On inspection of individual pedigrees, autosomal 
dominant transmission was documented in 15 of 28. 
The 13 pedigrees in which hypertrophic cardio- 
myopathy was detected in only one generation may 
reflect different modes of inheritance, reduced pene- 
trance (that is genetic disease not overtly expressed 
as hypertrophic cardiomyopathy) or failure to iden- 
tify the disease because of the previously mentioned 
limitations of a retrospective analysis. In these 13 
pedigrees fewer parents were studied, and fewer 
probands had three generations available for study; 
in two of these 13 pedigrees, and in 16 of the 22 
pedigrees in which hypertrophic cardiomyopathy 
was not identified in first degree relatives, only one 
generation was studied, so that autosomal dominant 
inheritance could not be proved. The 22 apparently 
isolated cases of hypertrophic cardiomyopathy may 
in some cases reflect recessive inheritance, new gen- 
etic mutation, or non-genetic disease. However, 
because we included 12 probands with only one or 
two relatives available for study, it is probable that 
some have familial disease that could not be 
confirmed in this study. 

The frequency with which hypertrophic cardio- 
myopathy was found in subgroups of first degree 
relatives is similar to that noted by Maron et al.'° 
Parents were affected most often and offspring least 
often. In all subgroups more males were affected 
than females. In the total group of probands and first 
degree relatives males were affected significantly 
more frequently than females (p « 0-05). Maron et 
al also found a significant difference in the per- 
centages of males (26%) and females (17%) affected 
in the total study group (p < 0-001).'° 


One quarter of affected first degree relatives had 
normal clinical and electrocardiographic findings 
and were diagnosed only by echocardiography. The 
course in this group of patients is uncertain. One of 
them was the parent of a proband with severe diffuse 
left ventricular hypertrophy, suggesting that the 
genetic implications of such an isolated echo- 
cardiographic finding may be similar to that of more 
overt hypertrophic cardiomyopathy. 

'The major question that arises in genetic coun- 
selling is the risk of transmission of the disease to 
offspring. Only 8% of offspring were affected in this 
study. It is possible that hypertrophic cardio- 
myopathy is a progressive disease that is not always 
apparent at a young age. Maron et al have documen- 
ted the spontaneous appearance and progression of 
left ventricular hypertrophy in adolescent relatives 
of patients with hypertrophic cardiomyopathy.!* 
Bjarnason et al found a positive correlation of septal 
thickness with age.Ó We were unable to show 
significant progression of septal hypertrophy in 
affected individuals and the mean and median ages 
of affected and unaffected parents, siblings, and 
offspring were similar. The median age of unaffected 
offspring was 22-5 years. We therefore do not have 
evidence that hypertrophic cardiomyopathy is a 
progressive disease. Further serial studies of indi- 
vidual patients will be necessary to confirm Maron's 
finding. 


This work was supported by grants from the 
National Heart Foundation of New Zealand and the 
Green Lane Hospital Research and Educational 
Fund. 
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Cross sectional subcostal echocardiography: 
atrioventricular septal defects and the short axis cut 
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SUMMARY A short axis echocardiographic cut of the heart from the subcostal approach was used 
to study the atrioventricular junction in 47 infants and children with congenital heart disease and 
20 with normal hearts. Examination of the diastolic openings of both atrioventricular valves was 
able to establish normal developments of the valves and annuli even when this was found in cases 
of complex congenital heart disease. In 30 patients with atrioventricular septal defects the tech- 
nique distinguished between a partial defect (when the two atrioventricular valves were linked 
transseptally) and a complete defect (when there was only one atrioventricular valve). A range of 
atrioventricular attachments was seen in these patients. 

Short axis echocardiography from the subcostal approach reliably identifies different forms 
of atrioventricular septal defects by defining the anatomy of the atrioventricular valves during 


maximal diastolic expansion. 


The  echocardiographic evaluation of atrio- 
ventricular septal defects! was initially carried out 
by M mode echocardiography.?~* Cross sectional 
echocardiography, however, gives more information 
and is more accurate.? ^? 

There has been extensive anatomical analysis 
of the different forms of this cardiac mal- 
formation. ~ !? This information! ! ^!? has led to an 
understanding of the echocardiographic features of 
the lesion,!*!? but identification of the different 
types of atrioventricular septal defect continues to 
be difficult.!9 7+8 

In hearts with an atrioventricular septal defect 
both atrioventricular valves may be attached to the 
interventricular septum at the same level, forming 
two valves and two annuli, or there may be a single 
atrioventricular valve with one annulus common to 
both atria and both ventricles. It is possible to iden- 
tify these two forms by examining the attachment of 
the atrioventricular valve(s) to the septum in a four 
chamber view.!? There are, however, intermediate 
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forms of the lesion in which the leaflets of a common 
atrioventricular valve are tethered to the septum. ?^ 
Sutherland etal’! and Medina er al?? used M mode 
echocardiography from the subcostal approach in an 
attempt to improve identification of the intermediate 
forms. The M mode echocardiogram gave only a 
limited display of the cardiac anatomy that was 
difficult to understand. 

We have used cross sectional short axis cuts of the 
heart at the level of the atrioventricular junction to 
examine more accurately the normal atrioventricular 
valve structures and to identify various forms of 
atrioventricular septal defect. 


ECHOCARDIOGRAPHIC ANATOMY 

The understanding of cardiac anatomy from cross 
sectional echocardiography is based on anatomical 
identification of different cardiac cuts from patho- 
logical specimens.!??? In normal hearts the cross 
sectional short axis view at the level of the atrio- 
ventricular valves shows two independent and well 
formed atrioventricular annuli with valves anchored 
to the left and right lateral heart walls as well as to 
the anteriorsuperior and posteriorinferior walls. The 
atrioventricular septum supports the septal leaflets 
of both atrioventricular valves (fig 1). The form of 
the atrioventricular valves and leaflets is best dis- 
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Fig 1 


played during diastole, when extension of the valve 
components is greatest (fig 2). 

In hearts with atrioventricular septal defects, 
either partial or complete, separate insertion of the 
two atrioventricular valves on to the septum is 
impossible. This is true of the two valves that are 
present in partial intraventricular septal defect or 
the one valve that is common to the four chambers of 
the heart when the defect is complete. The crest of 
the defective interventricular septum cannot ade- 
quately support the septal leaflets of the atrio- 
ventricular valves, and their insertion below the 
level of attachment of the valve leaflets in the lateral 
walls distorts the atrioventricular rings. In the par- 
tial form there are two atrioventricular valves and 
the anteriorsuperior and posterior or inferior septal 
components of the mitral and tricuspid valves are 
joined over the ventricular septum. The septal 
leaflets cover the crest of the interventricular septum 
with valve tissue to a variable degree (fig 3). In the 
complete form a single atrioventricular valve has an 
annulus that is common to both atria and both ven- 


Normal heart cut at the level of both atrioventricular valves. The atria have been removed and the tricuspid 
( T) and the mitral ( M) valves are seen from above. The arrow indicates the superior part of the atrioventricular 
septum that separates both atrioventricular valves. I, inferior; L, left; R, right; S, superior. 


tricles. The septal components of the common valve 
bridging the septum can be identified by a study of 
the variable number of chordal attachments and the 
different degrees to which the leaflets bridge the sep- 
tum. At its centre the crest of the septum is free of 
valve tissue; there is a gap between the anterior- 
superior and posteriorinferior leaflets of the com- 
mon valve (fig 4). In the intermediate form the crest 
of the interventricular septum is partially covered to 
a varying extent with valve tissue. 


Patients and methods 


Sixty seven patients aged one day to 12:5 years 
(mean age of 3:2 years) were studied by clinical 
examination, electrocardiography, chest x ray, and 
echocardiography (M mode, cross sectional imag- 
ing, and pulsed Doppler ultrasound). An atrio- 
ventricular defect was diagnosed in 30 patients. In 
six this was partial, in 21 it was complete, and in 
three it was regarded as intermediate. In six patients 
anatomical confirmation of the lesion was obtained 


Cross sectional subcostal echocardiography: atrioventricular septal defects and the short axis cut 





Fig2 Echocardiogram obtained from the subcostal 
approach in a child with a normal heart. Transversal short 
axis cut shows two independent atrioventricular valves at 
maximum aperture during diastole. The excursion of the 
septal leaflet of the tricuspid valve ( T ) opening is limited by 
the septum (arrow), whereas maximum excursion of the 
septal leaflet of the mitral valve ( M) does not take it within 
reach of the septum. See legend to fig 1 for abbreviations. 


at cardiac catheterisation, angiography, and oper- 
ation. In a further four patients diagnosis was 
confirmed by cardiac catheterisation only and in 
three by necropsy only. We also studied 20 normal 
children with innocent murmurs and 17 children 
with complex congenital heart disease. Anatomical 
confirmation of diagnosis in those with complex 
congenital heart disease was established by cardiac 
catheterisation in all and by necropsy in some. 

For echocardiography we used a Honeywell 
Ultraimager machine equipped with a strip chart 
recorder and video system that allowed frame selec- 
tion for evaluation of the anatomical data. We used 
3:5 or 5 MHz transducers according to the patient's 
size and the best definition. We used pulsed Doppler 
ultrasound to assess function. In all patients the 
following echocardiographic views were imaged. 
(a) Parasternal approach—long axis, short axis at 

different levels, and apical four chamber. 
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(b) Subcostal approach—short axis at atrial lev 
atrioventricular junction, and ventricular leve 
Subcostal short axis cuts (fig 5) were obtained 
by scanning from the ventricles to the atria 
Valve anatomy was studied at a level at which 
the valve leaflets appeared to be separate from 
the chamber walls. 





Results 


Group 1—In the 20 patients with innocent murmurs 
who clinically and by other means had a normal 
heart subcostal echocardiography showed two valve 
orifices at the atrioventricular junction at maximal 
diastolic opening. These two orifices were separated 
by the interventricular septum. Part of the tricuspid 
valve lay in close apposition to the septum and dur- 
ing diastolic opening the orifice expanded to the 
right. The orifice of the mitral valve on the other 
hand lay well away from the septum (fig 2). 

Group 2—In 17 patients echocardiographic exam 
ination confirmed complex congenital heart disease 
in patients who had an apparently normally devel 
oped atrioventricular junction and valve rings. The 
echocardiographic appearance of the  atrio- 
ventricular openings was normal. This result was 
confirmed by cardiac catheterisation and necropsy 
Group 3—In 30 patients echocardiographic exam 
ination showed an atrioventricular septal defect. Six 
of these patients had a partial defect—the so-called 
ostium primum lesion. Subcostal echocardiography 
showed two atrioventricular valves that were con 
tinuous with each other over the crest of the inter 
ventricular septum (fig6). All six patients had ar 
ostium primum septal defect. Three had an addi 
tional small ventricular septal defect outside the 
inlet portion of the septum. A further 21 patients 
had a complete atrioseptal defect. Echocardiography 
identified only one atrioventricular valve common t 
both atria and ventricles. Anteriorsuperior and pos 
teriorinferior bridging leaflets crossed the septum 
and with the lateral valve leaflets formed a single 
valve and a common orifice (fig 7). 

Valve tissue was attached to varying extents to the 
crest of the interventricular septum; whenever oni 
of the septal leaflets clearly bridged the septum 
(fig 8) a single atrioventricular valve and annulus wa 
present. The degree of approximation between th 
septum and the valve leaflets varied. With complete 
defects there was always a gap in the attachments of 
the valve tissue to the septum. In three cases th: 
echocardiogram suggested the presence of an inter 
mediate form (fig 8). This was confirmed in one cas: 
at operation. 

After surgical correction in the complete form, the 
two newly created valve orifices could be identified 





€ 


Mortera, Rissech, Payola, Miro, Perich 


Fig3 Heart with an ostium primum defect. The atria have been removed and the atrioventricular valves are seen 
from above. There are two valve orifices. The septal leaflets of the tricuspid and mitral valves join over the septum 
(arrow). See legend to fig 1 for abbreviations 


In the partial form the changes were not so pro- 
nounced and were obvious only when the gap 
between the septal bridging leaflets at the mitral end 
had been repaired. 


Discussion 


Atrioventricular septal defects result from a mal- 
development of the atrioventricular septum and 
atrioventricular valves." '' Cross sectional echo- 
cardiography is the best non-invasive way to study 
the atrioventricular junction. '? Recent studies 
have demonstrated the correlation between the dis- 
torted cardiac anatomy found in these hearts and the 
echocardiographic images.'* Furthermore, the sub- 
costal approach appears to be the best method of 
studying the atrioventricular junction.?' ^^ In this 
group of patients the short axis view from the sub- 
costal approach was found to be the most valuable 
echocardiographic plane for evaluating the annuli 
and the atrioventricular valves. 

Most of the echocardiographic studies of atrio- 
ventricular septal defects have based their anat- 


omical understanding of this lesion on schematic 
diagrams of the arrangement at the level of the atrio- 
ventricular valve. Moreover, heart specimens very 
rarely have been cut in the short axis plane to illus- 
trate the range and degree of valve anomaly seen in 
atrioventricular septal defects (figs 1, 3, and 4). The 
four chamber view has usually been used to evaluate 
this lesion. 

The four chamber view from the subcostal or 
parasternal approach is likely to detect the presence 
of a defect under the anterior or posterior bridging 
leaflet that may be only apparent in systole. But the 
short axis view in diastole, however, will be more 
sensitive to defects in the atrioventricular valves. 
Another limitation of the four chamber view is its 
inability to visualise simultaneously the anterior and 
posterior valve components. 

We found that the short axis subcostal approach 
clearly demonstrated the two atrioventricular valves 
and normal valve anatomy even in patients with 
complex congenital cardiac malformation of other 
areas of the heart. 

Our echocardiographic evaluation was performed 
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Fig4 Heart with a complete atrioventricular septal defect. Only one valve and one annulus are seen from above. The 
anterosuperior and posteroinferior septal components are not fused. The crest of the interventricular septum is seen 


underneath. See legend to fig 1 for abbreviations. 


during diastole when the valve tissue was widely 
separated and the two atrioventricular valve con- 
tours could be seen entirely. In normal patients two 
annuli were easily identified. At maximum diastolic 
aperture the anterior leaflet of the mitral valve was 
clearly separated from the septum and a well defined 
circle was formed. In contrast, the orifice of the 
tricuspid valve was limited by the interventricular 
septum (fig 2). 

We found that valve anatomy was quite different 
in patients with atrioventricular septal defects. With 
a partial defect the two annuli were joined over the 
interventricular septum. Neither valve had a circular 
orifice; both were oval because of the attachment of 
the bridging leaflets to the crest of the inter- 
ventricular septum (fig6). When the defect was 
complete there was a large atrioventricular valve 
orifice that was common to both atria and both ven- 
tricles. Because there was no coaptation of the septal 
components in the middle of what should be the 
mitral and tricuspid valves a common valve orifice 
was formed (fig 7). The valve contours represented 
the septal leaflets of both valves which formed a con- 
tinuous bridge over the interventricular septum. In 





Fig5 Diagram to show the transducer orientation from the 
subcostal approach. 





Fig6 Echocardiogram of an ostium primum defect. Two 
valve orifices were seen at their maximum expansion. The 
septal leaflets of both valves were fused over the septum 
(arrow). See legend to fig 1 for abbreviations. 


some cases one of the leaflets was anchored to the 
crest of the septum but there was a gap between the 
valve and septum (fig8) and only one valve was 
present. Surgical correction created a more normal 
arrangement of the atrioventricular valves with the 
formation of two valve rings; however, the valves lay 
abnormally close to the septum. 

We found that the short axis cut from the sub- 
costal approach clearly displayed normal anatomy of 
atrioventricular valves even when this was found in 
cases of complex congenital heart disease. The tech- 
nique discriminated between partial (two 
atrioventricular orifices) and complete (one orifice) 
atrioventricular septal defects and showed the 
degree of apposition between the anteriorsuperior 
and posteriorsuperior leaflets of the atrioventricular 
valve. The degree of attachment of valve tissue to 
the crest of the septum could also be visualised. This 
view was usually more helpful than the four cham- 
ber view for reliably identifying the various forms of 
the defect. In the intermediate form of the defect 
two valves are almost formed but a small degree of 
separation of the septal cusp tissue remains. These 
specimens resemble a partial form but there is a 
small gap in the valve tissue. When the full contours 
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of the valves are imaged the three forms can be 
identified reliably. A short axis cut at atrial level may 
be misleading if part of the ostium primum defect is 
taken to be the orifice of the valve. In this situation 
the valve tissue contours must be imaged before the 
type of defect can be identified. 

The precise definition of the anatomy of the atrio- 
ventricular valve by echocardiography makes it pos- 
sible to establish the diagnosis of this malformation 
and allows evaluation of the degree of valve 
distortion—this is important information when sur- 
gical correction is planned. The only limitation of 
the approach is the difficulty of seeing the heart from 
the subcostal axis. This route is suitable for small 
children but less so for adults. 


We thank Dr S Hunter (Freeman Hospital, New- 
castle upon Tyne) for his helpful criticism of the 
typescript. We also thank our surgical colleagues Dr 
C Lozano and Dr M Rovirosa (R S Vall d'Hebron 
Hospital) for their contribution to the surgical man- 
agement of some of our patients. 





Echocardiogram from a patient with a complete 
atrioventricular defect. Only one valve was seen at diastolic 
maximum aperture. This was common to all four chambers. 
The components of the septal valves were not fused in the 
middle as they were in the partial form. They formed a 
continuous bridge over the septum and so there was one valve 
ring. C, common valve. See legend to fig 1 for abbreviations. 
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Fig8 Echocardiogram from a patient with an intermediate 
form of atrioventricular septal defect. The components of the 
septal valves were not fused (arrow). Only the antero- 
supertor valve leaflet bridged the septum and was common to 
both ventricles and atria. The posteroinferior septal 
component was anchored to the crest of the septum and partly 
separated both valve orifices. 
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Interrupted right aortic arch in DiGeorge syndrome 
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SUMMARY The clinical and necropsy findings in four cases of interrupted right aortic arch and 
right descending aorta associated with DiGeorge syndrome (congenital absence or hypoplasia of 
the thymus and parathyroids) are described. All patients had a mirror image of type B inter- 
ruption, namely a right aortic arch with reversed branching pattern and an interruption between 
the right common carotid and right subclavian artery. In two patients there was a doubly 
committed subarterial ventricular septal defect and in the two other patients there was a peri- 
membranous septal defect. Three patients had a bicuspid aortic valve. In a consecutive series of 
185 necropsies in infants and children with congenital heart disease there were no cases of 
interrupted right aortic arch that were not associated with DiGeorge syndrome. 

These observations and previous reports indicate that the concurrence of these two rare condi- 
tions is more than fortuitous. In patients with an interrupted aortic arch the clinician should be 
aware of the common association with DiGeorge syndrome. If the interruption is associated with 
a right-sided descending aorta it is highly probable that the patient has DiGeorge syndrome. 


Interruption of the aortic arch is an uncommon car- 
diovascular anomaly which is almost invariably asso- 
ciated with a left-sided descending aorta, continuous 
with a left ductus arteriosus.! ^? There are only a few 
recorded cases of interruption associated with a 
right-sided aortic arch.? " ê We found this anatomical 
arrangement in four patients seen during the past ten 
years. In all four patients the thymus was absent, 
hypoplastic, or ectopic, as is characteristically seen in 
DiGeorge syndrome." The concurrence of these two 
rare conditions is more than fortuitous and is there- 
fore reported. 


Patients and methods 


Nineteen cases with absence or hypoplasia of the 
thymus were found in a consecutive series (June 
1976 to October 1986) of 185 necropsies in infants 
and children with congenital heart disease. All pa- 
tients had major cardiovascular malformations (table 
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1). Twelve patients had an interrupted aortic arch, 
which was left-sided in eight cases and right-sided in 
four cases. This paper deals with the findings in the 
four patients with an interrupted aortic arch and a 
right-sided descending aorta, two of whom (cases 1 
and 2) were mentioned in a previous report.? Apart 
from these four patients no other cases of interrupted 
right aortic arch could be traced from our necropsy 
or clinical files. 

Agenesis and hypoplasia of the thymus were 
defined as total or partial developmental absence of 
the gland respectively. Stress involution was dis- 
tinguished from hypoplasia because it caused sym- 


Table 1 Major cardiovascular malformations in 19 
patients with DiGeorge syndrome 





Malformation No 





Interrupted aortic arch: 
Left aortic arch 
Right aortic arch 
"Truncus arteriosus: 
Left aortic arch 
Right aortic arch 
Tetralogy of Fallot: 
Right aortic arch 
Total 1 
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metrical shrinkage and the persistence of the normal 
bilobed anatomy. In three of the four patients the 
tissue of the anterosuperior mediastinum and cervi- 
cal region, which had been removed en bloc, was 
serially sectioned at 5m, and every tenth section 
was stained and histologically examined. By analogy 
with the classification proposed by Celoria and 
Patton' we used the term “type B interruption” of 
the aortic arch when the interruption was situated 
between the right common carotid artery and the 
right subclavian artery. Ventricular septal defects 
were classified according to Becker and Anderson.® 


Results 


CLINICAL DATA 

All four patients were admitted in the first weeks of 
life with severe and intractable congestive heart fail- 
ure. They died at 2, 12, 16, and 17 days of age. The 
concentration of serum calcium was normal in the 
two patients (cases 2 and 3) in whom it was mea- 
sured. Craniofacial stigmata characterised by low-set 





Fig 1 Angiogram in case 2 showing filling of the 
pulmonary artery and a bilateral ductus arteriosus. A 
right-sided descending aorta communicated with the 
pulmonary artery through a large right ductus arteriosus 
(white arrow). The left subclavian artery filled through a 
left ductus arteriosus. DA, descending aorta; LSA, left 
subclavian artery; MPA, main pulmonary artery; RPA, 
right pulmonary artery. 


ears, ocular hypertelorism, retrognathia, and 
fish-mouth appearance were seen in cases 3 and 4 
Cardiac catheterisation and angiocardiograph 
were performed in three patients (cases 1, 2, and 4 
Considerable pulmonary hypertension, equal pres 
sures in the right and left ventricles, and a larg 
left-to-right shunt at the ventricular level were dem 
onstrated. The systolic pressure in the right-sided 
descending aorta, which in all three patients could 
easily be entered from the pulmonary artery via 
right-sided ductus arteriosus, was slightly lowe: 
than in the ventricles. The angiograms showed th 
characteristic features of interruption of the aortic 
arch, which will be discussed in more detail (fig ! 


CARDIOVASCULAR ANOMALIES 

Table 2 shows the major cardiovascular findings at 
necropsy. In each of the four cases the interruptior 
of the aortic arch was type B. The descending aort: 
was located to the right of the oesophagus and was 
supplied by a right ductus arteriosus arising from th: 
pulmonary trunk. The right subclavian artery aros: 
from the superior aspect of the descending aorta. Ir 
cases 1, 3, and 4 the first branch of the ascending 
aorta was the left innominate artery, which gave ris 
to the left subclavian and the left common carotid 
artery; the right common carotid artery was the sec 

ond branch (fig 2). In case 2 the ascending aorta gav« 
rise only to the left and right common carotid arteries 
(fig 3). In this exceptional case a bilateral ductu: 
arteriosus was identified. The left subclavian arter, 
was isolated from the aortic arch and connected wit! 
the pulmonary trunk via a left ductus arteriosus. The 
right ductus arteriosus supplied the descending 
aorta. 

In cases 1 and 2 a doubly committed subarteria 
ventricular septal defect was found. This defect was 
located directly beneath the aortic and pulmonary 
valves and its floor was formed by the fused portion: 
of the trabecula septomarginalis and the ventricu 
loinfundibular fold (fig 4). In the remaining tw« 
patients with perimembranous ventricular septa 
defect the infundibulum was slightly deviated to the 
left, causing some muscular subaortic stenosis 
Patients 1, 2, and 4 had a bicuspid aortic valve 


THYMUS AND PARATHYROIDS 

In two patients (cases 3 and 4) rudimentary frag 
ments of the thymus could be identified macro 
scopically. Serial histological examination of the 
cervical and mediastinal tissue showed small thymic 
remnants in the remaining two patients. The histo- 
logical structure of this thymic tissue was normal 
Evidence of involution was slight to moderate. After 
serial sectioning and histological examination of the 
anterior mediastinum and neck, two normal para 
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Table 2 Pathological findings 
Patient Age at Type of 4 Other cardiovascular 
No Sex death Thymus Parathyroids interruption VSD anomalies 
1 F 12 days Absent Not examined B Doubly committed Bicuspid AoV 
Small nodule (7 mm) in subarterial 
R upper mediastinum 
2 F 16 days Absent 2 normal R glands B Doubly committed Bicuspid AoV 
Tiny nodule along R L gland absent subarterial Bilateral PDA 
carotid (0:4 g L subclavian artery 
connecting with L 
PDA 
3 F 2 days Absent L lobe 2 hypoplastic B Perimembranous None 
Small R lobe (2:7 g) glands infundibular 
in R upper mediastinum 
4 F 17 days Absent R lobe Absent B Perimembranous Bicuspid AoV 


AoA, aortic arch; AoV, aortic valve; CSV, crista supraventricularis; I 


Fig 2 


Small L lobe (1:6 g 
in L upper mediastinum 





Photograph showing interrupted right aortt 
arch type B in case 3. The right-sided descending 
aorta communicated with the pulmonary artery 
through a wide right ductus arteriosus. AA, as- 
cending aorta, DA, descending aorta, LCA, left 
common carotid artery, LSA, left subclavian artery; 
RCA, right common carotid artery; RSA, right 
subclavian artery; PT, pulmonary trunk. 


Fig 3 


infundibular 


L shift of CSV and 
subaortic 
encroachment 


, left; R, right; PDA, ductus arteriosus; VSD, ventricular septal defect 





Photograph showing interrupted right aortic arch 


type B in case 2. A bilateral ductus arteriosus was 
identified. The left subclavian artery was isolated from the 
aortic arch and connected to the pulmonary trunk via a left 


ductus arteriosus 


The right ductus arteriosus 
supplied the descending aorta. See fig 2 for abbreviations. 
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Fig 4 Photograph showing doubly committed subarterial 
ventricular septal defect in case 1. In the opened right 
ventricle the defect was seen directly beneath the pulmonary 
valve. Its floor was formed by the fused portions of the 
trabecula septomarginalis (closed arrow) and the 
ventriculoinfundibular fold (open arrow). 


thyroid glands were detected in case 2, two hypo- 
plastic glands in case 3, and no parathyroids in case 
4.When present, the glandular tissue showed a nor- 
mal histological structure. 


Discussion 


DiGeorge syndrome is a complex of malformations 
of unknown aetiology that is generally attributed to 
failure of the development of derivatives of the third 
and fourth pharyngeal pouches. The essential fea- 
tures are congenital absence or hypoplasia of the 
thymus and parathyroid glands. The extent of the 
underdevelopment of these organs and the corre- 
sponding variation in the degrees of deficient cellular 
immunity and hypocalcaemia led to a classification in 
which partial and complete forms of the syndrome 
are distinguished.’ Facial stigmata, characterised by 
ocular hypertelorism, narrow palpebral fissures, a 
fish-mouth appearance, micrognathia, and deformed 
ear lobes are seen in more than half the cases.*° 
Severe cardiovascular malformations are found in 
nearly all patients with either the complete or partial 
form of the syndrome.*°~!! The vast majority of 
these malformations may be classified as aortic arch 
anomalies (right aortic arch, interrupted aortic arch, 
aberrant origin of the subclavian arteries) or cono- 
truncal anomalies (truncus arteriosus, tetralogy). 
DiGeorge syndrome is not as rare as generally 
thought. The fact that we found 19 patients with 
complete or partial absence of the thymus in a series 
of 185 infants and children with congenital heart 


disease who came to necropsy within a 10 year period 
may be due to the interest that the pathologists were 
taking in this syndrome and the attention they paid 
to the development of the thymus and parathyroid 
glands. Twelve of these 19 cases had interruption of 
the aortic arch, which was associated with a right 
sided descending aorta and a right patent ductus 
arteriosus in four patients (table 1). No other cases of 
interrupted right aortic arch were encountered in 
this necropsy series nor in a patient population of 
approximately 5000 infants and children with con 
genital heart disease investigated during the same 
period. Thus we have not come across a single case 
of interrupted right aortic arch not associated with 
DiGeorge syndrome. Three additional patients in 
the necropsy series had a right-sided aortic arch and 
descending aorta, which was associated with truncus 
arteriosus in two and tetralogy of Fallot in one case 
A high frequency of right aortic arch in DiGeorge 
syndrome (seven out of 19 cases in the present series) 
has also been noted by others: it was found in 42' 
of 52 cases compiled by Moerman er alf and in 24' 
of a series of 50 patients reported by Van Mierop and 
Kutsche. ' ' 

In view of the high frequency of right aortic arch 
and the equally high frequency of interrupted aortic 
arch in DiGeorge syndrome, it is not surprising that 
all three malformations were found in some patients 
To our knowledge eight cases of interrupted right 
aortic arch have been reported. Pierpont et al de 
scribed the pathological features in four cases but did 
not mention the anatomy of the thymus.’ Nor was it 
mentioned in two other cases.?* So we can only 
speculate about the presence of thymic aplasia or 
hypoplasia in these patients. In the remaining two 
patients,'! !? however, and in the four patients in our 
series in whom the thymus was examined, the typical 
features of DiGeorge syndrome were found. Inter 
ruption of the aortic arch with right descending aorta 
may cause compression of the right main bronchus, 
resulting in severe lobar emphysema of the right 
lung.® This complication was not encountered in our 
patients. 

Our observations support the concept that the ba 
sic developmental defect in DiGeorge syndrome 
affects the cephalic neural crest. Experimental stud 
ies have shown that normal aorticopulmonary sep 
tation and thymic morphogenesis depend on 
derivatives of the cephalic neural crest.'*~ '* In early 
embryogenesis, mesenchymal cells from the neural 
crest also contribute to the connective tissue, bone 
and cartilage of the face and branchial arches.'^ In 
DiGeorge syndrome an abnormal neural! crest and 
abnormal migration of branchial arch mesenchymal 
tissue probably result in an abnormal facies, partial 
or complete absence of the derivatives of the third 
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and fourth pharyngeal pouches (thymus and para- 
thyroid glands), and conotruncal cardiac defects. 
The aortic arch anomalies that are found in many of 
these patients might be secondary to conotruncal 
maldevelopment causing reduced anterograde blood 
flow in the ascending aorta and impeded normal 
growth of the aorta.!^ Recently, Lammer et al sug- 
gested that the deficient activity and migration of 
cephalic neural crest cells might be related to vitamin 
A teratogenicity. 1’ 

DiGeorge syndrome is rarely diagnosed before 
operation or necropsy. This may be because hypo- 
calcaemia is not often the presenting feature and 
abnormal susceptibility to infections only becomes 
obvious in the first months of life in the few patients 
who have a normal heart or survive with a cardio- 
vascular malformation. Clinical recognition is im- 
portant if cardiac surgery is considered, because the 
transfusion of irradiated blood may avoid a serious 
graft versus host reaction.!! The clinician should 
suspect DiGeorge syndrome in infants with inter- 
ruption of the aortic arch or truncus arteriosus, 
particularly if they have facial stigmata and 
hypocalcaemia. Our study indicates that the degree 
of suspicion should be even higher if the interruption 
of the aortic arch is associated with a right-sided 
descending aorta. 
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SUMMARY Brucella endocarditis is an underdiagnosed, fatal complication of human brucellosis. 
Four successfully treated cases of Brucella endocarditis are reported. The development of a new 
valvar lesion and bulky vegetations seen on echocardiography helped to identify Brucella endo- 
carditis occurring during systemic brucellosis. The aortic valve was affected in all four patients, 
and in one the mitral valve was also affected. Medical treatment did not cure the patients and all 
needed valve replacement—for haemodynamic deterioration in’ three and because a further 
embolism was feared in.one. Antibiotics were continued for six to nine months after operation. 
‘There was no early or late mortality and no recurrence after a follow up of 15 months. 


Brucellosis is a very common disease; according to 
the World Health Organisation 500000 new cases, 
mainly caused by Brucella melitensis, are reported 
annually.! The disease is underdiagnosed and 
underreported; some authorities estimate that for 
each case reported another 26 are not recognised or 
not reported.? ? 

Human brucellosis is usually caused by one of 
three species of the genus Brucella: mehtensis, abor- 
tus, and suis; it is rarely caused by Brucella canis? 
Brucellae are small, non-motile, gram negative cap- 
nophilic coccobacilli with optimum growth at tem- 
perature of 37°C and a pH of 6:6—6-8. Brucellosis is 
found primarily in animals and is spread to man by 
direct contact with infected tissue or by ingestion of 
infected animal products, most commonly milk or 
milk products. In Western countries, brucellosis is 
an occupational disease found mainly in farmers, 
people working in meat packing plants, veterinary 
surgeons, and livestock producers. In other areas of 
the world the disease is more widespread and is 
found in the general population. 
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Cardiovascular complications of systemic bru- 
cellosis include endocarditis, myocarditis, and peri- 
carditis, and these are the most common causes of 
death in brucellosis.*  $ 

'There are only six reported cases of surgically 
cured Brucella endocarditis? ^ 1?; we report an addi- 
tional four cases. 


Patients and methods 


Between January 1980 and January 1986 Brucella 
endocarditis was diagnosed in four patients referred 
to King Faisal Specialist Hospital. One of these 
patients has been the subject of an earlier report.!? 
The diagnosis of endocarditis was established by the 
development of a new murmur and the presence of 
a vegetation on echocardiograms obtained during the 
course of systemic brucellosis, and was further sup- 
ported by cardiac surgical findings and histo- 
pathology. 

The following data were collected: symptoms at 
presentation, total and differential white blood cell 
count, erythrocyte sedimentation rate, electro- 
cardiogram, serology, and blood culture. Serology 
included a Brucelloslide test (Bio Merienst) followed 
by a Brucella antibody tube dilution titre (Wellcome 
Diagnostics). Blood cultures were drawn and incu- 
bated in a supplemental yeast-peptone broth 
(Beckton-Dickinson). Initially kept in a vacuum, the 
cultures were exposed to air on day 7 and were there- 
after incubated in an atmosphere of 5% -10% carbon 
dioxide. Subcultures on to blood agar plates were 
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Table Symptoms on admission 
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Patients 

I 2 3 4 
Age and sex 25M 62M 42M 32M 
Ingestion of raw milk + + + + 
Duration of fever 6 mth 2 mth 11 mth 4 mth 
Malaise or weight loss + n 4 4 
Night sweats 4 - + . 
Dyspnoea + " 4 " 
Functional class NYHA IV Il H H 


Embolic episodes — 
Known heart disease - 


Coronary 





NYHA, New York Heart Association; CVA, cardiovascular accident. 


made weekly and kept for four days. Surgical speci- 
mens were cultured in thioglycolate broth, and inoc- 
ulated on to routine culture media. All cultures 
identified as possibly containing fastidious 
organisms were kept for six weeks. Cultures contain- 
ing pale-staining Gram negative coccobacillary rods 
that were both oxidase-positive and urease-positive 
were identified as brucellae. Brucella titres were 
measured and blood cultures performed on all 
patients on admission, at operation, and every three 
months for a year. M mode and cross sectional echo- 
cardiography was performed on all patients and 
Doppler echocardiography on all except patient 1. 
Patients 1 and 2 had right and left cardiac cath- 
eterisation. 


Results 


SYMPTOMS (Table) 

All four patients were men aged 25-62 (mean 40). 
Symptoms had appeared two to eleven months 
before admission. At the time of admission, one 
patient was in New York Heart Association class IV 
and three were in class II; two of the latter deterio- 
rated to class IV. Two patients (cases 2 and 3) had 
systemic embolisation to the coronary and cerebral 
arteries respectively. No patient had a known history 
of valvar heart disease. 


PHYSICAL SIGNS 

All patients were febrile and all had splenomegaly; 
one patient had finger clubbing. The aortic valve was 
affected in all patients; in one the mitral valve was 
also affected. Patient 1 was admitted with aortic 
regurgitation and acute pulmonary oedema. Two 
patients (cases 2 and 4) developed sudden severe, 
aortic regurgitation while in hospital receiving treat- 
ment and acute pulmonary oedema developed. 


INVESTIGATIONS 
Three patients had a normal white cell count 
(4900-7600/mm?) and one had leucopenia 


(2900/mm?). The erythrocyte sedimentation rate 
was increased in three patients (range 56-85 mm/h) 
and was normal (6 mm/h) in one patient. 

Electrocardiography showed sinus rhythm in all 
patients and none developed conduction dis- 
turbance. The patient with coronary embolism 
developed ventricular tachycardia and later ST-T 
wave changes. 

Echocardiography showed a vegetation on the aor- 
tic valve in all patients; patient 4 had an additional 
vegetation on the mitral valve (fig 1). All vegetations 
were bulky, and in patient 3 the vegetation was 
pedunculated and prolapsing into the left ventricular 
outflow tract. Premature closure of the mitral valve 
indicative of acute aortic regurgitation was seen in 
patients 1, 2, and 4. Pulsed Doppler performed in the 
last three patients showed appreciable aortic regur- 
gitation in all, with additional mitral regurgitation in 
one patient. 

Serology showed a very high Brucella titre (range 
2560-16 000) in all patients. Despite medical treat- 
ment all titres remained high or increased from the 
time of admission up to the time of operation (fig 2). 





Fig 1 Parasternal long axis cross sectional echocardiogram 
of patient 4 showing vegetations of the aortic and mitral 
valves (arrows). 
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Fig 2 Brucella titres and response to treatment. Co- 
trimoxazole (trimethoprim + sulphamethoxazole); St, 
streptomycin; T, tetracycline; R, rifampicin; P -- G, peni- 
cillin and gentamicin. 


Six blood cultures were taken from each patient but 
only patient 3 had a blood culture that was positive 
for Brucella melitensis (the only biotype that was 
sought). 

Cardiac catheterisation was performed in two 
patients (cases 1 and 4). In neither was an attempt 
made to cross the aortic valve for fear of embolism. 
Aortography showed severe aortic regurgitation in 
both and moderate mitral regurgitation in patient 4. 
The condition of patient 1 deteriorated further after 
angiography but he was stabilised and sent for oper- 
ation the next day. 


TREATMENT 

Whatever the medical treatment the patients 
received before referral we elected to treat all 
patients in our institution with co-trimoxazole [Sep- 
tra] (trimethoprim 10 mg/kg/day and sul- 
phamethoxazole 20 mg/kg/day) and rifampicin 
300-600 mg/day, except patient 1 who was given 
co-trimoxazole alone (fig 2). All patients required 
operation in the active stage. The indications for 
operation were acute left ventricular failure and pul- 
monary oedema secondary to severe aortic regur- 
gitation in three patients, and fear of embolism in 
one patient with a previous embolic cerebrovascular 
accident and echocardiographic evidence of a pedun- 
culated, freely mobile vegetation dangling into the 
left ventricular outflow tract. 
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At operation all patients had aortic valve vegeta- 
tions. Three patients (cases 1, 2, and 4) had a cusp 
perforation. Two patients (2 and 4) had a detached 
leaflet. Patient 3 had an aortic root abscess. The 
patient in whom the mitral valve was affected had a 
vegetation with tear on the anterior leaflet of the 
mitral valve and ruptured chordae tendineae. 

Histopathology showed inflammatory cell 
infiltration in all cases and Gram negative bacilli. 
Brucella was grown from samples taken from 
patients 1 and 2, but biotyping was not performed 
because Br melitensis is the most common cause of 
brucellous in Saudia Arabia. 

All patients had aortic valve replacement and 
patient 4 also had mitral valve replacement. The 
aortic valves were replaced with the following pros- 
theses: Smeloff-Cutler in patient 1, Saint lude 
in 2 and 3, and Bjórk-Shiley in 4. The mitral valve 
was replaced with a Bjórk-Shiley prosthesis. There 
were no operative deaths. One patient (case 2) 
needed intra-aortic balloon support postoperatively 
and had a perioperative haemorrhagic cerebro- 
vascular accident. 


POSTOPERATIVE FOLLOW UP 
In all patients Brucella titres, blood cultures, and 
echocardiography were repeated every three months 
for a year. Three months after operation all Brucella 
titres had dropped markedly except in patient 2 who 
had only one dilutional decrease. All showed further 
decreases at nine and twelve months (fig 2). 

At follow up no patient had positive blood cultures 
or evidence of vegetations by echocardiography. 

All patients continued their preoperative anti- 
biotics (co-trimoxazole and rifamipicin) for six 
months after operation except patient 2 who had an 
additional three months’ treatment because of a 
delayed drop in Brucella titre. During follow up 
(mean 15 months) there was no recurrence. 


Discussion 


Brucella endocarditis is the most common cause of 
death in human brucellosis. Peery and Belter found 
endocarditis in 80°, and myocardial abscess in 43°, 
of a series of 44 necropsies on cases of fatal bru- 
cellosis.* Dalrymple-Champneys observed only five 
cases of endocarditis among 1500 cases of human 
brucellosis in England over a period of 43 years! ^; 
Spink reported four cases in a series of 244 patients 
in the United States.!* This low incidence of endo- 
carditis in the West is not surprising as most of the 
cases were caused by Br abortus, a species known to 
cause mild disease with uncommon suppurative or 
disabling complications.!? +° Endocarditis may be a 
more common complication of systemic brucellosis 
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in countries where there is a high prevalence of Br 
melitensis and rheumatic heart disease since Br mel- 
itensis ig known to cause more severe, acute disease 
associated with disabling complications.!?!? In a 
review of endocarditis at King Faisal Specialist Hos- 
pital, Brucella endocarditis was seen in 8:595 of 
patients treated for endocarditis. '® 

As in previous reports of Brucella endocarditis, all 
our patients were men with a history of ingesting 
fresh, raw milk, and all had symptoms for at least 
three months before presentation.’~ 12 19 20 

Review of published reports indicates that the aor- 
tic valve is affected in 75% of cases, and the mitral 
valve, mitral and aortic valves, and prosthetic valves 
are equally affected in 8:3% of cases. In three of our 
patients the aortic valve was affected and in the 
fourth both the aortic and mitral valves were 
affected. 

Diagnosis of endocarditis in a course of brucellosis 
is difficult. A changing heart murmur, high Brucella 
titre, and echocardiography are helpful. A changing 
heart murmur with haemodynamic deterioration was 
seen in two of our patients while they were in hospi- 
tal, and one patient was admitted with severe aortic 
regurgitation and pulmonary oedema. This also 
accords with other reports.?° 

The Brucella titre was very high (> 2560) in all our 
patients and it remained high or increased until 
operation. This relatively high Brucella titre in a 
course of Brucella endocarditis has been reported by 
Cohen et al.?° 

Echocardiography, by showing bulky vegetations 
in all four patients, was very helpful in establishing 
the diagnosis of endocarditis. In three patients pre- 
mature closing of the mitral valve indicated aortic 
regurgitation. i 

Blood cultures were positive in only one patient. 
This low yield of blood cultures may be because of 
the fastidiousness of the organism, previous anti- 
biotic treatment, and the long interval between onset 
of symptoms and diagnosis.* 

Brucella endocarditis usually has an unremitting 
and fatal course with death occurring within three to 
eleven months of the onset of symptoms,!? and usu- 
ally from congestive heart failure. Cure with anti- 
microbial treatment alone* ??^?? has been reported 
only in two doubtful cases with mixed bacterial 
endocarditis.?? 2^ We elected to treat the patients in 
our institution with co-trimoxazole and rifampicin 
because rifampicin has been shown to be active 
against Br melitensis,?5 ?5 and co-trimoxazole is clin- 
ically effective against brucellosis.?" ?! All our 
patients needed operation in the active stage, how- 
ever: three because of acute pulmonary oedema sec- 
ondary to aortic valve destruction. and. the fourth 
because of fear of further embolic episodes. At oper- 
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ation all patients showed evidence of active disease. 
Operation for Brucella endocarditis was reported 
in 1967 by Ehrenhaft, who replaced an infected aor- 
tic valve. The prosthetic valve became infected and 
the patient died after 38 days.?? There are six 
reported cases of surgically cured Brucella 
endocarditis’ ~ +: in five the aortic valve was affected 
and the sixth had an infected prosthetic (Starr- 
Edwards) mitral valve. All the five reported cases 
with aortic valve replacement had one to three 
months’ antibiotic treatment after operation and the 
patient with an infected prosthetic mitral valve was 
treated for one year. Our patients had six months’ 
treatment with co-trimoxazole and riampicin after 
operation, and one had a further thre+: 1months’ treat- 
ment mainly because of delayed fall in Brucella titre 
(fig 2). There is no indication in published reports of 
how long antibiotic treatment should be continued 
after operation; however, six months seems to be 
adequate if the Brucella titre is falling. There was no 
evidence of recurrence of infection in any of our 
patients in more than 15 months' follow up. 
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Diagnosis of double aortic arch by cross sectional 
echocardiography with Doppler colour flow mapping 


MEE-NIN KAN, NAVIN C NANDA, AR STOPA 
From the Division of Cardiovascular Disease, University of Alabama at Birmingham, USA 


SUMMARY A case of double aortic arch in a 15 month old boy was diagnosed by cross sectional 
echocardiography supplemented by Doppler colour flow mapping. These examinations showed 
two very large vessels communicating with the aorta; the demonstration of anterograde flow in one 
vessel and retrograde flow in the other enabled a definite diagnosis of Edwards type LA double 


aortic arch to be made. 


Early surgical intervention is often required in in- 
fants and children with double aortic arch who show 
symptoms caused by tracheal or oesophageal com- 
pression.’ Definite diagnosis 1s made by aorto- 
graphy, which is an invasive procedure. Real time 
cross sectional echocardiography is a useful non- 
invasive method of detecting this anomaly,?? but 
the diagnosis depends on several factors such as 
ease of obtaining a suprasternal examination and 
identification of the oesophagus, both of which may 
be difficult in a small child. Also it may be difficult 
to discriminate between a bifurcated aortic arch and 
a dilated cephalic branch or aberrant vessel arising 
from a non-bifurcated aortic arch. The diagnosis 
often relies on exact positioning or orientation of the 
transducer. Both are subjective and liable to error. 
We present a case in which a double aortic arch was 
diagnosed by cross sectional echocardiography sup- 
plemented by Doppler colour flow mapping. We 
used a high parasternal approach rather than the 
previously used subcostal or suprasternal approach. 


Case report 


A 15 month old boy presented with moderate respi- 
ratory distress and a history of recurrent upper respi- 
ratory tract infections. Coarse rhonchi were heard 
throughout the lung fields. À cross sectional echo- 
cardiogram performed through a high parasternal 
window showed a large vessel, about the same size as 


Requests for reprints to Dr Navin C Nanda, Heart Station, 
SWB/W001, University of Alabama at Birmingham, Birmingham, 


Alabama 35294, USA. 


the aortic arch, arising from the ascending aorta. A 
second vessel, about the same size as the first vessel, 
was seen joining the upper portion of the descending 
aorta in the same plane. Colour flow mapping (Aloka 
880 system) showed blood flowing from the as- 
cending aorta into the first vessel and moving in an 
opposite direction from the second vessel into the 
descending aorta (fig 1). 


Discussion 


The cross sectional echocardiographic findings were 
of two very large vessels communicating with the 
aorta. Colour Doppler showed blood flowing antero- 
gradely in the first vessel and retrogradely in the 
second vessel and enabled us to make a definite diag- 
nosis of Edwards type IA double aortic arch.* Col- 
our Doppler flow mapping supplemented cross 
sectional echocardiography and assisted diagnosis. 
Angiography confirmed the cross sectional echo- 
cardiographic findings (fig 2). Surgical resection was 
successful and the child showed considerable clinical 
improvement. 
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Fig 1 Cross sectional and Doppler colour flow mapping from the high parasternal approach in a ca 
I } £ i F 


arch. Two very large vessels communicated with the aorta. Colour flow study showed blood flowing into th 
RAoO) from the ascending aorta ( AAo) and retrogradely from the second vessel (RAoT ) into the di ding 
DAo). Red indicates flow toward the transducer and blue shows flow away from transducer. RAoO igi? 





aortic arch; RAoT, termination of the right aortic arch 
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Fig 2. Aortography showing double aortic arch. 
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Infection of modified Blalock shunts 


JULENE S CARVALHO, PHILLIP BELCHER, W BRODIE KNIGHT 
From the Department of Paediatric Cardiology, Brompton Hospital, London 


SUMMARY A left-sided interposition graft (modified Blalock-Taussig anastomosis) was construc- 

ted with polytetrafluoroethylene in a three month old child with tetralogy of Fallot. This shunt 

thrombosed and a replacement shunt became the site of chronic Pseudomonas infection. The 

second anastomosis was excised and a third interposition graft was inserted on the right side 

because the anatomy was unsuitable for a classical Blalock-Taussig shunt. The patient died when 

he was 12 months old, after signs.of infection and shunt occlusion had developed. At necropsy the 
. acutely thrombosed right sided shunt was found to be the site of Candida albicans infection. 
Gallium and labelled white cell scans, computed tomography, and ultrasound scans had all failed 
to identify the sites of infection, which were only confirmed at operation or necropsy. 


Subclavian to pulmonary artery shunts constructed 
from interposed grafts of polytetrafluoroethylene 
have been widely used since the introduction of this 
material to vascular surgery.! Such shunts are easy 
to construct and take down,. they are less likely to 
distort the pulmonary arteries, they preserve flow to 
the subclavian artery (avoiding ischaemia of the 
arms), and they can provide adequate blood flow to 
both lungs.? ? Early thrombosis, particularly in neo- 
nates, is less common after this shunt procedure 
than after a classic Blalock-Taussig shunt.” Compli- 
cations reported after the modified Blalock shunt 
include excessive pulmonary blood flow,* seroma 
formation," and false aneurysm. 

We describe an infant, who probably had an 
immunological disorder, in whom successive shunts 
became infected with different organisms. These 
infections eventually led to his death. 


Case report 


A left-sided modified Blalock shunt (5 mm Impra 
graft) was constructed soon after the onset of hyper- 
cyanotic spells in a three month old boy with tetral- 
ogy of Fallot. His colour did not improve and a 
shunt murmur was not audible. In addition, there 
was a hypercyanotic spell on the first postoperative 
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day. Angiography showed poor filling of the shunt 
because of a proximal stenosis. At reoperation the 
shunt was replaced by a second 5mm Impra graft. 
His colour and arterial Po; improved considerably 
and a loud continuous murmur was audible. 
Artificial ventilation was required for four days 
because he had left phrenic nerve palsy. Two and six 
weeks after operation there were episodes of acute 
infection and blood cultures were positive for Pseu- 
domonas aeruginosa. An intensive search for a focus 
of infection with ultrasound, computed tomog- 
raphy, and white cell scan incriminated only the left 
lower lobe of the lung. A sweat test for cystic fibrosis 
was negative. After a prolonged antibiotic course 
with azlocillin, amikacin, and benzylpenicillin he 
recovered and was transferred to another hospital 
for management of feeding difficulties. While he was 
there he had several episodes of Pseudomonas 
aeruginosa septicaemia and left-sided pneumonia 
despite appropriate antibiotic treatment. 

At the age of nine months he weighed 5:6kg and 
was mildly cyanosed with clubbed fingers; the liver 
was palpable 3cm below the right costal margin. 
The respiratory rate was 40 per minute with sub- 
costal recession and bilateral crepitations. The shunt 
murmur was easily audible. Infection of the Impra 
graft was strongly suspected. A right thoracotomy 
was performed with the intention of constructing a 
right classic Blalock-Taussig shunt before excision 
of the left shunt. The anatomy was unfavourable, 
however, and a 5mm Impra graft was inserted on 
the right. A left thoracotomy was performed. Dense 
adhesions were found. The subclavian artery was 
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ligated and divided, the left Impra graft was com- 
pletely excised, and the left pulmonary artery was 
repaired with a patch of autologous pericardium. 
After operation he was treated with intravenous 
azlocillin and amikacin for 21 and 14 days 
respectively. Pseudomonas aeruginosa sensitive to 
these antibiotics was isolated from this shunt. Six 
days after operation, while he was still on the venti- 
lator, he became acutely unwell and Candida was 
cultured from the tip of an indwelling urinary cath- 
eter. He was treated with flucytosine and he 
improved gradually with no further evidence of 
Candida infection. When antibiotic treatment was 
stopped, however, episodes of fever and leucocytosis 
occurred. Screening for sepsis was negative on all 
these occasions. A chest radiograph showed bilateral 
chronic patchy opacities and there was a widening of 
the mediastinum on the right. Tests of immuno- 
logical function were generally abnormal, with 
reduced complement components, reduced Saccha- 
romyces opsonins and a serum-dependent neutrophil 
killing defect for Candida albicans. Concentrations 
of IgG, IgA, IgM, and IgE were all raised, as was 
the C-reactive protein (20 mg/l), which indicates 
active infection at the time of the study. The patient 
did not react to Candida skin tests. Finally, repeated 
blood cultures grew Straphylococcus epidermidis. A 
gallium scan showed no evidence of focal infection. 


Carvalho, Belcher, Knight 


He was treated with flucloxacillin, fucidic acid, and 
several infusions of fresh frozen plasma, and his gen- 
eral condition and the appearance of the chest radio- 
graph improved dramatically, The right mediastinal 
shadow persisted and was thought to represent 
organised haematoma around the right shunt. In the 
mean time, plication of the left hemidiaphragm was 
performed because of continued ventilator 
dependence. He was eventually extubated three 
weeks after this procedure. He was again transferred 
to another hospital for convalescence. 

Two weeks later he became acutely ill and 
cyanosed. The shunt murmur was inaudible. He had 
a fever and signs of disseminated intravascular coag- 
ulation, and despite treatment with antibiotics and 
pressor agents he died. At necropsy no pus was 
found either near the shunt or elsewhere. There was 
no sign of endocarditis. The right Impra graft con- 
tained recent thrombus that occluded the lumen. 
The shunt was surrounded by a greenish-brown 
mass l:8cm in diameter which compressed but did 
not invade the right upper lobe (fig 1). Microscopy 
of this mass showed organising Surgicel and fibrin 
traversed by scores of Candida hyphae. Microscopy 
of the thrombus showed collections of neutrophils 
and the presence of Candida yeasts and pseudo- 
hyphae (fig2). Large numbers of alveolar macro- 
phages with a light lymphocytic infiltrate were seen 





Fig1 Photographs of the heart and lungs. (a) Anterior 
view of the whole specimen. (b) Close up view of the right 
hilum dissected to show abscess in front of the shunt (arrows). 
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Fig2 Photomicrograph of the thrombus showing numerous Candida pseudohyphae growing within organising fibrin. 


in lung sections. There was no evidence of bron- 
chopneumonia and in the lungs stains for Candida 
and other micro-organisms were negative. 


Discussion 


The modified graft constructed from polytetra- 
fluoroethylene effectively palliates children with 
congenital heart disease who have reduced pulmon- 
ary blood flow and, although it offers advantages 
over the classic Blalock-Taussig anastomosis, com- 
plications occasionally occur. Formation of false 
aneurysms in patients with polytetrafluoroethylene 
grafts was reported and ascribed to infection. Mon- 
arrez et al attempted to excise a shunt that was pre- 
sumed to be infected and in which detachment of the 
proximal end had resulted in pseudoaneurysm for- 
mation. The patient died of uncontrollable blood 
loss. The shunt was occluded by a sterile thrombus. 
No mention was made of the results of bacterial cul- 
ture of the graft. Opie eral described five patients 
with polytetrafluoroethylene grafts in whom 
ipsilateral pneumonia developed within six months 
of operation.* In two patients with positive blood 


cultures, aneurysms developed that were associated 
with the shunt. In neither case, however, were 
results of bacterial culture of the shunt given. 

Confirmation of an infection affecting a prosthetic 
shunt may be difficult. In the present case none of 
the investigations designed to find the site of chronic 
infection pointed to either of the last two shunts. 
Eventually only surgery to resect the shunt and sub- 
sequent direct bacteriological culture proved that 
the left Impra graft was indeed infected. Proof of 
sepsis in the right Impra graft was only obtained at 
necropsy. In view of this experience, we agree with 
others* ^ that the occurrence of repeated episodes of 
septicaemia, late shunt thrombosis, and the devel- 
opment of aneurysms related to the shunt are all 
strong indicators of graft sepsis. Definitive treat- 
ment should not be delayed because diagnostic 
investigations are negative. Mediastinal enlargement 
on the chest radiograph is more likely to be caused 
by haematoma or seroma? than pseudoaneurysm 
secondary to shunt infection. In the presence of 
other suspicious features, however, angiography 
should be performed to identify the cause.” 

We do not know whether the repeated infections 
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and graft sepsis were a result of a primary immune 
deficiency affecting neutrophil and complement 
dependent mechanisms, or whether the abnormal 
results of immunological function were secondary to 
chronic infection caused by deep-seated graft sepsis 
(with continual seeding of the blood stream) and 
recurrent pneumonia. We were not able to perform 
immunological tests when he was clinically well. 

The management of shunt infection may be 
difficult. When a pseudoaneurysm is present there 
will be torrential bleeding at the time of excision.® 
Because prosthetic material used either to create 
another shunt or to correct the intracardiac anomaly 
may be contaminated the use of the classic Blalock- 
Taussig or even Waterston shunt may be preferred. 
Bovine pericardium sterilised with antibiotic may be 
better than synthetic cloth for the closure of ventric- 
ular or atrial septal defects or both. A complete 
course of the appropriate intravenous antibiotics 
should be given when any infection is diagnosed 
soon after construction of a prosthetic shunt. If the 
same organism is repeatedly isolated after the end of 
antibiotic treatment, a shunt infection must be pre- 
sumed to exist and the septic graft should be 
removed without delay. It can be disastrous to wait 
for the results of expensive and complicated tests 
whose sensitivity and specificity for diagnosing 
shunt infection are unknown. 
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Treatment of glossopharyngeal neuralgia by 


carbamazepine 


R SAVIOLO, G FIASCONARO 


From Divisione di Cardiologia, Ospedale Mauriziano “Umberto 1°”, Turin, Italy 


SUMMARY An elderly woman who presented with Adams-Stokes attacks that were preceded by 
paroxysms of neuralgia was successfully treated with carbamazepine. Ventricular asystole was 
provoked by pharyngeal pain and coincided with loss of consciousness. Vagal reflexes are probably 
responsible for the bradycardia that causes the cardiac symptoms of glossopharyngeal neuralgia. 
Carbamazepine (600 mg/day) abolished the pharyngeal pain and associated cardiovascular man- 


ifestations in this patient for at least ten months. 


Glossopharyngeal neuralgia is a rare cause of syn- 
cope. Neuralgia in the throat and neck triggers 
severe bradycardia up to asystole, and this leads to 
cardiac syncope, sometimes with seizures.! ? We re- 
port the case of an elderly woman who had syncopal 
attacks preceded by paroxysms of neuralgia. This 
patient was successfully treated with carbamazepine 
(Tegretol). 


Case report 


An 83 year old woman was admitted in October 1985 
because of Adams-Stokes attacks, which were pre- 
ceded by excruciating pain in the left ear and phar- 
ynx. Pain was provoked by swallowing and head 
movements. She had had typhoid fever as an infant 
and glomerulonephritis as a young adult. She re- 
ported episodes of chest pain over the past ten years 
that subsided with sublingual glyceryl trinitrate; 
these were managed as sporadic angina. She was 
admitted to the coronary care unit where an abrupt 
slowing down of the heart rate to 20-25 beats/minute 
with concomitant loss of consciousness and con- 
vulsive movements were noted during continuous 
electrocardiographic monitoring. A temporary 
transvenous pacemaker was inserted to prevent pro- 
longed asystole and syncope. A few hours later a 
sharp pain in the left ear and throat was precipitated 
by coughing. This was followed by asystole, which 
was interrupted by pacemaker intervention. She had 
a 3/6 systolic ejection murmur that was loudest at the 
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fourth left parasternal intercostal space and radiated 
to the neck. This murmur was compatible with mild 
aortic stenosis. There were no abnormal neu- 
rological signs. Blood chemistry was within normal 
limits, except for a haemoglobin concentration of 
10 mg/dl and slightly increased blood glucose and 
urea nitrogen. 

Chest x ray showed cardiomegaly, aortic 
calcification, and pulmonary emphysema, Electro- 
encephalography and computed tomography of the 
brain were normal. The electrocardiogram showed 
sinus bradycardia (42 beats/minute), anterior hemi- 
block, and inverted T waves in III and a VF. Echo- 
cardiographic findings were compatible with calcific 
aortic stenosis of moderate degree and good left ven- 
tricular systolic function. The results of endoscopy 
of the upper gastrointestinal tract were normal. 

The clinical picture led to a diagnosis of cardiac 
syncope due to glossopharyngeal neuralgia. To 
confirm the diagnosis, the patient was asked to drink 
carbonated water. This provoked pharyngeal pain 
and, almost immediately, ventricular asystole (5:0 s), 
accompanied by feeling lightheaded. Carotid sinus 
massage did not produce pain or severe bradycardia, 
On the other hand, after the pacemaker was switched 
off, intravenous atropine sulphate (20mg) pre- 
vented ventricular asystole despite continuing 
pharyngeal pain. 

Because she had a history of chest pain, sym- 
pathomimetic agents, such as isoprenaline, were not 
tried. When the patient was started on car- 
bamazepine (Tegretol) 600mg/day there was a 
prompt symptomatic improvement. There were no 
major side effects. The temporary pacemaker was 
then removed because it was regarded as unneces- 
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Figure  Electrocardiogram (leads I, I1, III {from top to bottom); paper speed 25 mm/s) showing sinus arrest 
lasting 4-8 s after pharyngeal pain evoked by drinking carbonated water. 


sary in the absence of recurrent syncope. Ten 
months after treatment was started the patient re- 
mains symptom free on carbamazepine. 


Discussion 


Glossopharyngeal neuralgia was first described by 
Weisenburg in 1910 in a patient with a tumour of the 
cerebello-pontine angle.? Riley et a/ in 1942 were the 
first to report a cardiac arrest associated with neu- 
ralgia.* The cause of this disorder was usually un- 
determined, though in a few reported cases 
cerebello-pontine angle tumours! or an elongated 
styloid process or a calcified stylohyoid ligament or 
both? were identified as aetiological factors. These 
may cause chronic compression of nerves during 
swallowing. Some cases improved with surgical re- 
section of the anomalous process.? 

It is likely that vagal reflexes, initiated by glos- 
sopharyngeal neuralgia, are involved in the arrhyth- 
mias most commonly found in this syndrome, that is, 
sinus arrest, sinus bradycardia, and wandering atrial 
pacemaker.® Hypersensitivity of the carotid sinus is 
not a factor in glossopharyngeal neuralgia because 
massage of the sinuses does not reproduce the typical 
cardiovascular signs.! ? The paroxysms of pain are 
triggered by swallowing, particularly cold, salted, 
bitter, or acid foods? * and by mechanical stimulation 
of the tonsillar fossa on the affected side (trigger 
zone). 

Treatment aims at abolishing dysphagia and the 
ensuing bradycardia-syncope reflex. Atropine and 
isoprenaline, together with a temporary pacemaker, 
are used as emergency measures, but are not suitable 
for long term treatment because they do not relieve 
the neuralgia. Local anaesthesia of the pharynx and 
nerve block with mepivacaine (carbocaine) are addi- 
tional measures that produce temporary benefit.” ê 
Anticonvulsant treatment (phenytoin) was advo- 


cated as the long term treatment of choice.’ How- 
ever, the clinical response of glossopharyngeal 
neuralgia to phenytoin was variable.5^* Car- 
bamazepine is an effective treatment of trigeminal 
neuralgia, and may also be an alternative to phen- 
ytoin in the medical management of glos- 
sopharyngeal neuralgia. In our case carbamazepine 
was effective at relatively low dosage (600 mg/day or 
10 mg/kg/day) in abolishing paroxysms of pain and 
associated cardiovascular manifestations for at least 
ten months without any side effects. Our findings 
indicate that carbamazepine may be an alternative to 
surgical resection of the glossopharyngeal nerve, 
which remains the most effective cure. 
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Aortic valve endocarditis associated with Legionella 
infection after Mycoplasma pneumonia 


PETER LITTRUP,* JAN KYST MADSEN, KLAUS LINDt 


From the * Medical Department B, Rigshospitalet and 1 Statens Seruminstitut, Copenhagen, Denmark 


SUMMARY A 38 year old woman with diabetes mellitus and bronchial asthma was admitted to 
hospital with pneumonia caused by Mycoplasma pneumoniae; she recovered promptly on erythro- 
mycin treatment. Six weeks later she presented with aortic valve endocarditis without concurrent 
lung disease. A concurrent increase in titres of antibody to Legionella bozemanii, L longbeachae, 


and L jordanis indicated a Legionella infection. 


Legionella infection should be considered, even in the absence of pneumonia, in cases of endo- 


carditis where no other cause can be detected. 


Although Legionella is known to cause pericarditis 
and myocarditis,! only one case of endocarditis asso- 
ciated with Legionella infection has been reported.? 
This patient had undergone mitral and aortic valve 
replacement with porcine xenografts one month 
before the infection. 

We describe a woman with aortic valve endo- 
carditis who had a concurrent rise in titres of anti- 
bodies to Legionella a month after pneumonia caused 
by Mycoplasma pneumoniae. 


Case report 


A 38 year old white woman was admitted on 19 
October 1984 after a six day history of fever (up to 
40°C), productive cough, right-sided pleuritic chest 
pain, and dyspnoea on exertion. She had insulin 
dependent diabetes mellitus and bronchial asthma, 
but no history of heart disease. 

Pneumonia caused by M pneumoniae was diag- 
nosed on the basis of her symptoms, clinical 
findings, a chest xray showing infiltration of the 
right lower and middle lobes, and a significant rise in 
the titre of complement fixing antibodies to 
M pneumoniae and a high titre of cold agglutinins? 
(figure). The heart sounds were normal. 
Investigations showed: erythrocyte sedimentation 
rate 120mm/h, leucocyte count 10-8 x 10?/1 (71% 
neutrophils, 23% lymphocytes), blood pressure 
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130/80 mm Hg. Blood, throat, and sputum cultures 
yielded no pathogens. Serological tests for ornithosis 
were non-diagnostic. The patient was given erythro- 
mycin 500 mg three times a day for two weeks and 
there was a prompt clinical recovery. A chest x ray 
after discharge (23 November 1984) was normal. 

The patient returned to the clinic on 19 December 
1984 complaining of general malaise and fever (up to 
39*C) at night. On physical examination she was 
afebrile with a heart rate of 76 beats/min and a blood 
pressure of 170/90 mm Hg. A low frequency, pan- 
systolic, crescendo murmur (grade 3/6) with radi- 
ation to the left axilla was heard on auscultation. No 
diastolic murmur was heard. There was no oedema 
or cyanosis. Auscultation of the lungs and the rest of 
the physical examination showed nothing abnormal. 
On admission investigations showed: haemoglobin 
10-6mmol/l, leucocytes 6:2 x 10°/ (409, neu- 
trophils, 54% lymphocytes). Chest xray and 
electrocardiogram were within normal limits. An 
echocardiogram three days after admission showed a 
thickened bicuspid aortic valve with a 5-7 mm vege- 
tation and a 3mm pericardial effusion. 

The titre of M pneumoniae antibodies was still 
high (2000) although the cold agglutinin titre had 
fallen to 8 (figure). Initial blood cultures for patho- 
genic bacteria were negative on six occasions and so 
were cultures from urine, throat, and sputum sam- 
ples. Cultures from throat (1 January) and blood (18 
January) were negative for M pneumoniae. Tests for 
antibodies to Coxiella burnetii, Chlamydia psittaci, 
and Brucella abortus were negative. We tested serum 
samples for antibodies to Legionella, including sera 
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Figure The patient was admitted with pneumonia on 19 October (black arrow) and readmitted with endocarditis on 19 


December (white arrow). The diagram shows antibody titres by indirect immunofluorescence (IF) to Legionella jordams and 
to Legionella bozemani:; by microagglutinin (MA) to Legionella pneumophila serogroup 5; to antt-Mycoplasma pneumoniae 
(MP) by complement fixation. Cold agglutinin titres and total serum IgM (normal range 80-322 umts) are also shown. The 


stippled area indicates a period without blood sampling. 


from the first admission in October, by the indirect 
immunofluorescence test and all were nega- 
tive for the following antigens: L pneumophila, 
serogroups (SG) 1-6, Lmicdadei, Lbozemanii, 
Ldumoffii, L gormanii, L longbeachae, SG 1 and 2, 
and L jordanis.* 

The patient continued to have fever 
(38.5?C-39-0?C) at night. Twelve further blood 
specimens were drawn at 11 and 12 pm and 1 am on 
four consecutive nights; they remained negative on 
culture. A repeat echocardiogram on 2 January 1985 
showed no change in the aortic valve vegetations, 
but mild, apparently haemodynamically 
insignificant aortic regurgitation was noted. Empiric 
antibiotic treatment with intraveneous penicillin 
5 MIU four times a day and netilmicin 100 mg three 
times a day was started on 3 January. Nightly fever 
spikes continued, and titres of antibodies to 
Lbozemanii and L longbeachae SG 1 and 2 rose 
significantly to 512 while antibody titres to 
Ljordanis rose to 1024 in the indirect 
immunofluorescence test in which “blocking fluid" 
extracted from Escherichia coli was used as a serum 
(figure). Mycoplasma antibody titres 
remained at 1000-2000. Antibiotic treatment was 


switched to intravenous erythromycin 1 g four times 
a day from 18 January, and after three days the 
nightly fever spikes abated. 

Chest xray was still normal and an echo- 
cardiogram on 18 February was unchanged. After 6 
weeks’ treatment, intravenous erythromycin was 
changed to 1g orally three times a day; this treat- 
ment was given for two weeks. 


Discussion 


This patient presented with two episodes of infec- 
tious disease. The first was severe acute pneumonia 
which was believed to be caused by M pneumoniae 
because there was a rise in specific antibody titre and 
a high transitory cold agglutinin titre. Attempts to 
isolate the organism two months after the acute ill- 
ness were unsuccessful. One month after presenting 
with pneumonia the patient had an aortic valve ~ 
endocarditis confirmed by clinical findings and 
echocardiography. The endocarditis was accom- 
panied by a considerable rise in titre of antibodies to 
Legionella, indicating a causal assocation; however, 
we did not attempt to isolate the organism and there 
were no signs of pulmonary infection. 


Endocarditis and Legionella infection 


We considered the possibility that during the first 
episode M pneumoniae might have evoked an anam- 
nestic response of antibodies to Legionella because 
M pneumoniae is a known to be a polyclonal B-cell 
activator. Therefore, concentrations of total serum 
IgM and IgG were measured retrospectively in all 
serum specimens." The results (figure) indicate that 
the typical increase in serum IgM during the 
M pneumoniae infection had abated before the endo- 
carditis occurred and before the start of the rise in 
Legionella antibody titre detected by the indirect 
immunofluorescence test. During the first three 
weeks of this episode there was a second but less 
steep increase in serum IgM that was accompanied 
by a slight drop in M pneumoniae antibody titre. 
Changes in IgG concentration followed the IgM 
changes but were less pronounced (not shown). We 
also tested all serum specimens for Legionella anti- 
bodies in a microagglutination test." We found a 
significant rise in titre of antibodies to L pneumophila 
SG 1 (to 64, not shown) and SG 5 (to 256, figure) 
during the first episode that paralleled the rise in 
total IgM. Antibodies to the other 11 Legionella 
antigens mentioned above remained at the same titre 
until the episode of endocarditis, when titres of anti- 
bodies to L bozemanii and L longbeachae SG 1 and 2 
also rose in the microagglutination test (not shown 
in figure). 

We believe that the first rise in antibodies to 
L pneumophila serogroup 1 and 5 was an anamnestic 
response and that the later increase in titre of both 
immunofluorescent and microagglutination anti- 
bodies to L bozemanii and L longbeachae indicates 
that the endocarditis may have been caused by a 
Legionella infection. The patient had insulin 
dependent diabetes and a chronic bronchial asthma; 
both increase the risk of Legionella infection. This 
risk was probably further increased by the previous 
M pneumoniae infection, which is known to depress 
cellular immunity.? 

In the other report on a case of endocarditis 
caused by L pneumophila, the heart was infected in 
the absence of pneumonia?; this was the case in our 
patient too. The species or serogroup of Legionella 
which may have caused the infection in our patient 
cannot be deduced from antibody determination 
because of interspecies, often unpredictable, anti- 
genic cross-reactions. When antibody titres to 
other pathogens increase during an infection with 
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M pneumoniae serodiagnosis is difficult because this 
organism is known to cause anamnestic antibody 
responses.? Several studies have found that antigens 
of M pneumoniae do not cross react serologically 
with Legionella antigens.? 

We conclude that the possibility of Legionella 
infection should be considered in cases of endo- 
carditis where no other cause can be shown, and that 
the absence of pneumonia does not exclude the pos- 
sibility of a Legionella infection. 


We thank Bendt Mansa, Deparment of Biophysics, 
Statens Seruminstitut, for measuring serum IgM 
and IgG. 
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A case of subacute effusive constrictive pericarditis 
with a probable amoebic aetiology 


CS BAID, ANOOP R VARMA, MANOJ LAKHOTIA 
From the Department of Medicine, SMS Medical College Hospital, Jaipur, India 


SUMMARY A 48 year old man with amoebic pericarditis did not improve after pericardiocentesis. 
Facilities for echocardiography and haemodynamic studies were not available. Cardiac com- 
pression was suspected and at emergency pericardiectomy subacute effusive constrictive amoebic 


pericarditis was found. The patient recovered. 


This is believed to be the first report of a case of subacute effusive constrictive pericarditis 


caused by amoebiasis. 


A 48 year old man was admitted on 14 April 1986 
with a one month history of shortness of breath, left 
chest pain, fever, oedema of the feet, and progressive 
weakness. On examination he was toxic, febrile, and 
anaemic and had pedal oedema. His pulse was 110 
beats/minute, feeble, and regular; blood pressure 
was 80/60mmHg and a pulsus paradoxus was 
present. The central venous pressure was 25 cm of 
saline. The apex beat was not palpable and the first 
and second heart sounds were feeble. A pleu- 
ropericardial rub was also detected. The liver was 
palpable 8 cm below the right costal margin and was 
tender. 

Routine investigations showed haemoglobin 
92 g/l, total leucocytes 18 000/mm?, erthrocyte sedi- 
mentation rate 30 mm/1st h, no abnormality of urine 
or stool, blood urea 17:85 mmol/l, serum creatinine 
176-8 pmol/l; serum total proteins 60g/l, serum 
albumin 27 g/l, serum globulin 33 g/l, serum alkaline 
phosphatase 0-35 ukat/l. Serum electrolytes, concen- 
trations of serum transaminases and serum bilirubin 
were normal. The chest xray (posterior/anterior 
view) was suggestive of pericardial effusion, with a 
cardiothoracic ratio of 0-7. Electrocardiography did 
not reveal any abnormality. Facilities for echo- 
cardiography and haemodynamic studies were not 
available. 

À provisional diagnosis of cardiac tamponade was 
made and within two hours of admission an 
emergency pericardiocentesis was performed via the 
epigastric approach. It yielded 300 ml of anchovy 
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sauce pus. But this did not produce any appreciable 
change in the patient's pulse, blood pressure, or cen- 
tral venous pressure. There was a slight 
improvement in syniptoms though. The patient was 
then treated with intravenous fluids, metronidazole, 
and dehydroemetine. 

The next day a liver scan with technetium-99m 
(phytate) revealed considerable hepatomegaly and a 
reduced uptake over the upper left lobe and upper 
medial right lobe. Aspiration of the liver abscess on 
two occasions, at an interval of two days, yielded 
800ml of anchovy sauce pus. No amoebae were 
found in the pericardial pus. Medication was con- 
tinued. There was not much relief of his symptoms 
and blood pressure remained at 80/60 mm Hg, pulse 
120 beats/minute, temperature 38°C, and central 
venous pressure 24cm of saline. We then suspected 
cardiac compression and decided to operate 
although he was clearly a poor risk patient. At oper- 
ation 150 ml of anchovy sauce pus under tension was 
released and we removed the thick parietal and vis- 
ceral pericardium overlying the ventricles. 

Immediately after operation pulse rate settled at 
90/min, the blood pressure rose to 110/70 mm Hg, 
and the central venous pressure fell to 8 cm of saline. 
A postoperative chest x ray showed a normal cardio- 
thoracic ratio. He was treated with digoxin, met- 
ronidazole, and blood transfusions. We kept a close 
watch on him for ten days and he was discharged on 
5 May 1986 in good health. 


Pathological examination 


Histopathological examination of the excised peri- 
cardium showed a complete loss of mesothelial celis 
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and the surface was covered with a granular exudate 
containing nuclear debris and a large number of 
ghost cells with karyolytic nuclei. Beneath this 
exudate was a layer of fibrin and collagenous tissue. 
The rest of the tissue showed subepicardial fat con- 
taining proliferating fibroblasts and lymphocytic 
infiltrate. The inflammatory response was not pro- 
nounced. No neutrophils could be demonstrated. 
Although we did not find Entamoeba histolytica, we 
did see occasional structures in the superficial 
necrotic exudate that appeared to be degenerated 
entamoebae. 


Discussion 


At admission this appeared to be a case of cardiac 
tamponade. Emergency pericardiocentesis produced 
only partial and temporary relief. Subsequent peri- 
cardiectomy yielded 150ml of anchovy sauce pus 
under tension. The visceral pericardium was thick 
and constrictive. After pericardiectomy the patient 
improved remarkably and remains symptom free. 
The clinical picture and findings at operation sug- 
gest that this was a case of amoebic subacute effusive 
constrictive pericarditis. 

Subacute effusive constrictive pericarditis! ^ is 
diagnosed when the right atrial pressure remains 
raised after the intrapericardial pressure has been 
reduced to normal by the removal of pericardial 
fluid. Pericardiocentesis produces only partial or no 
relief in signs and symptoms. At operation there is 
extensive thickening of the parietal and visceral peri- 
cardium and the free pericardial space contains 
100-150 ml of fluid under tension.! 

The most common causes? of subacute effusive 
constrictive pericarditis are idiopathic! or presumed 
viral  pericarditis,! ^ tuberculosis,* ^ neoplastic 
infiltration of the pericardium,? and mediastinal 
irradiation.! " Other causes are viral, acute pyo- 
genic pericarditis,’ !! a uraemic!? and post trau- 
matic pericarditis.!? Amoebic pericarditis is a rare! 
complication of amoebic liver abscess. We know of 
no other reports of amoebic pericarditis causing sub- 
acute effusive constriction. In a case of pericarditis 
reported by Kala and Sharma a total of 1500 ml ftuid 
was drained from the pericardial cavity on two sepa- 
rate occasions.' Finally their patient had to be 
treated by pericardiectomy and there was evidence 
of cardiac constriction. We feel that they too were 
treating a case of amoebic subacute effusive con- 
strictive pericarditis. 

In our case the coexistence of an abscess in the left 
lobe of the liver together with pericardial effusion 
suggested an amoebic cause. Although Entamoeba 
histolytica was not found in the pericardial fluid, the 


_ absence of acute inflammation in the pericardium 


and the aspiration of anchovy sauce pus from both 
the liver abscess and the pericardial sac were consid- 
ered to be diagnostic of amoebic pericarditis. 
Entamoeba histolytica is rarely demonstrable in the 
pericardial fluid but the diagnosis can be based on 
aspiration of anchovy sauce pus from the pericardial 
cavity.!$ 

When amoebic subacute effusive constrictive 
pericarditis is suspected haemodynamic studies 
should be performed and if they indicate subacute 
effusive constriction, pericardiectomy should be 
performed immediately.! If operation is delayed 


. constrictive pericarditis will develop with myo- 


cardial infiltration.!? If there are no facilities for 
haemodynamic studies management will be deter- 
mined by the clinical symptoms, pulse, blood 
pressure, and the central venous pressure. If after 
pericardiocentesis blood pressure remains low, the 
central venous pressure does not fall, and tachy- 
cardia persists, an underlying cardiac constriction 
should be suspected. Constriction, if present, will be 
confirmed at operation, as happened in our case. 
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Hypertrophic cardiomyopathy 


W BRIGDEN 


From the London and National Heart Hospitals, London 


When I first used the expression “cardiomyopathy” 
in 1956 I did not realise that I had coined a term that 
would become widely applied. Experience, however, 
has confirmed its value in describing isolated non- 
coronary, non-hypertensive, and non-valvar myo- 
cardial disease, especially when used with an 
adjective if the aetiology or morphology is 
sufficiently clear. Some authorities prefer to restrict 
its use to disorders of the myocardium of unknown 
cause; this would exclude hypertrophic cardio- 
myopathy which in most patients is an inherited dis- 
order. Although the division into hypertrophic and 
congestive cardiomyopathies has proved helpful, 
classification remains somewhat unsatisfactory de- 
spite many worthy attempts to clarify the position. 

Unexplained and isolated myocardial hyper- 
trophy was described in the nineteenth century by 
German pathologists and an obstructive element 
was recognised in their reference to “conus steno- 
sis". Two patients with massive hypertrophy were 
reported in 1907 by Schminke who considered that 
hypertrophy led to further hypertrophy.? Several 
papers were published in the 1930s and 1940s 
under various titles describing isolated myocardial 
hypertrophy, and Evans's paper on "familial 
cardiomegaly" in the British Heart Journal was 
particularly important.) He described nine patients 
seen at the London Hospital and emphasised the di- 
agnostic importance of a family history of similar 
disease, frequent arrhythmias, and a tendency to 
sudden death. Brock later added another facet to the 
story in suggesting the possibility that hypertrophic 
muscle was responsible for obstruction. He had ob- 
served and was impressed by apparent obstruction 
of the outflow tract by hypertrophic muscle after 
pulmonary stenosis had been relieved by valvotomy 
and he later described apparently important mus- 
cular obstruction in the left ventricle. Teare, a 
forensic pathologist, followed with a description, 
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also in the British Heart Journal, of asymmetric sep- 
tal hypertrophy found at necropsy in seven subjects 
who had died suddenly.? 

Thus the strands of medical knowledge were con- 
verging and pointing to a distinct disease entity that 
was characterised by an apparently idiopathic iso- 
lated and often asymmetric myocardial hypertrophy, 
possibly obstructive, occurring in families, and with 
a tendency to cause sudden death. A spate of papers 
followed in the early 1960s describing the clinical, 
electrocardiographic, angiographic, and haemo- 
dynamic features of this condition. Contributions 
from Braunwald and his colleagues at the National 
Institutes of Health, Bethesda ’ and from Goodwin 
and colleagues at Hammersmith Hospital? ^ !? were 
most important, but they used different names— 
idiopathic hypertrophic subaortic stenosis in the 
United States and hypertrophic obstructive cardio- 
myopathy in the United Kingdom. Neither term 
recognised the familial factor and both emphasised 
obstruction which often is not present. McMichael 
found 12 names for this condition in 1964!!; I think 
there were more, illustrating the principle that the 
number of names is directly related to the obscurity 
of the condition. 

Criley and others criticised the concept of ob- 
struction on various grounds including the evidence 
of striking dynamic lability, the effective rapid dis- 
charge of ventricular volume in early systole, and the 
low end systolic volume, even in some of the most 
severe cases.!? These points, however, do not deny 
an obstructive element because coexistent mitral 
reflux could explain these findings. The triad of 
cardiac pain, faintness or syncope on exertion, and 
dyspnoea on exertion in patients who have severe 
disease certainly suggests obstruction, especially 
when combined with large intraventricular gra- 
dients, albeit variable and of functional origin. Very 
large gradients seem to be associated with early 
mitral-septal contact. I find the argument about ob- 
struction a specious one. In this disease, however, 
the array of symptoms, unlike the signs, does not 
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closely match the abnormal morphology and dy- 
namic function. Most cardiologists have been more 
impressed by the haemodynamic abnormalities 
caused by abnormal diastolic filling than by the ab- 
normal systolic features of the condition. I have seen 
a patient with hypertrophic cardiomyopathy de- 
velop a paroxysm of atrial fibrillation resulting in 
profound hypotension and syncope followed by 
recovery with the spontaneous restoration of sinus 
rhythm. 'The paralysis of atrial transport by 
fibrillation assumes great importance in patients 
with thick stiff ventricles and may cause severe 
hypotension and even syncopal death. 


Abnormal signs 


Abnormal signs range from none in the mild symp- 
tom free case to those which closely reflect abnormal 
dynamic function. Diastolic dysfunction is under- 
lined by finding the physical signs of vigorous atrial 
systole, such as a prominent “‘a” wave in the jugular 
venous pulse or a short low-pitched diastolic 
murmur enhanced by inspiration from impeded 
tricuspid inflow. I remember a discussion at the 
National Heart Hospital nearly thirty years ago 
about a child who appeared to have severe tricuspid 
stenosis and strange unexplained left ventricular 
hypertrophy. Eponyms abounded, including 
Bernheim and Ebstein, to explain the findings which 
included giant atrial P waves. Subsequent necropsy 
showed gross septal hypertrophy and normal valves. 
Systolic murmurs, most commonly in late systole 
though not engulfing the aortic second sound, often 
led to an erroneous diagnosis of aortic valve stenosis 
or even mitral reflux. On the other hand, the occa- 
sional truly late systolic murmur or pansystolic mur- 
mur caused by mitral reflux was thought to be of 
valvar origin. It is thus not surprising that this con- 
dition was only recognised by clinicians some 25 
years ago—in view of its pleomorphic presentation 
and mimicry of so many other kinds of heart disease. 


Arrhythmias 


Arrhythmias are common and the tachycardias par- 
ticularly so. Frequent ventricular extrasystoles and 
ventricular tachycardias may presage sudden death. 
On the other hand, prolonged phases of such dis- 
turbance may be followed by a slow spontaneous re- 
gression to periods free of arrhythmia; nevertheless, 
frequent ventricular arrhythmias should be sup- 
pressed by appropriate medication in view of their 
association with deterioration or sudden death. A 
galaxy of rhythms was recorded over some ten years 
in one of my patients who first presented at the age 
of 15 with apparently simple idiopathic paroxysmal 
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tachycardia, but three years later a firm diagnosis 
of hypertrophic cardiomyopathy was made when 
ventricular extrasystoles were frequent; and in her 


mid twenties asymptomatic complete heart block 
developed. 


Echocardiography 


The development of echocardiography in the 1960s 
stimulated further research and proved to be of con- 
siderable diagnostic value, enabling wall thickness 
and movement as well as valve motion to be assessed 
and studied seriatim. Some overdiagnosis occurred, 
as is usual with new tools in biological research. The 
strange systolic movement of the anterior mitral 
valve cusp has proved of diagnostic value and added 
credibility to the angiographic appearance of outflow 
obstruction caused by apposition of the mitral leaflet 
and septum. The mechanism of this movement re- 
mains obscure and although a Venturi effect is possi- 
ble abnormal dynamic function of thick papillary 
muscle seems more likely. Premature closure of the 
aortic valve may be seen and is clearly related to 
rapid early ejection ending at the time of mitral- 
septal contact. Echocardiograms are valuable for 
studying apparently unaffected relatives of a pro- 
positus and have shown that mild forms of cardio- 
myopathy are not uncommon and are consistent 
with leading a normal life. Echocardiography 
enhances, but certainly does not replace, clinical 
assessment in this condition any more that it does in 
any other disease. 


Genetic origin 


Genetic origin of hypertrophic cardiomyopathy is 
now widely accepted and almost all clinical accounts 
describe a familial nature that is sometimes traceable 
through several generations. Echocardiography has 
enabled tbe assessment of relatives by a test that is 
not only non-invasive but also is somctimes positive 
when electrocardiograms and x-rays are equivocal or 
even normal. Elegant studies on the familial nature 
of the disease by Emanuel and colleagues have 
confirmed the autosomal dominant nature of its in- 
heritance.!?^!* They also showed that current tech- 
niques for detecting the disease might not give 
positive results before early adult life. There are 
sporadic cases that fulfil all the criteria for diagnosis 
but these do not deny a genetic aetiology. The 
percentage of isolated cases in any series in likely to 
be erroneously high for many reasons. A simple 
negative response when inquiries are made of 
the patient's family must be queried, especially if 
relatives have died unexpectedly, because there is an 
understandable tendency to withhold disquietening 
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information from younger, apparently healthy 
members. Adoption unknown to one of my patients 
whose real mother had died in the puerperium was 
the reason for negative information, and another 
“sporadic” case subsequently had an affected child. 
Possibly some sporadic cases are caused by a 
recessive gene. 


Pathology 


The pathology of this condition has been extensively 
described and discussed during the past three de- 
cades. The distribution of hypertrophy may be gen- 
eralised or regional (commonly in the anterior basal 
part of the septum or rarely confined to the free 
wall). Although morphology correlates well with dy- 
namic function and physical signs, gross appear- 
ances do not correlate closely with symptoms in this 
condition. There should be no dispute about facts, 
but pathologists like clinicians tend to disagree 
about their interpretation. I refer to the specificity, 
or otherwise, of the myocardial disarray that is 
found in almost all cases. It seems that some minor 
degree of disarray occurs in secondary hypertrophy 
and this sign is therefore not specific, but in hyper- 
trophic cardiomyopathy there is very extensive dis- 
organisation of large muscle bundles as well as 
disarray between fibres and small whorls of muscle; 
furthermore there is even disorganisation of fibrils 
within a single cell. Organ abnormality such as vis- 
ceromegaly, congenital defects, and evidence of en- 
docrinopathy, other than as an effect of heart failure 
or embolism, are conspicuously absent at necropsy. 
"There have been, however, a few reports of a familial 
hypertrophic cardiomyopathy associated with a 
mitochondrial abnormality affecting skeletal muscle. 


Treatment 


Treatment is essentially unsatisfactory because so 
far the hypertrophic process has not been reversed, 
but symptoms and possibly the course of the disease 
may be modified favourably. The great variation in 
symptoms and severity of this condition demands 
the tailoring of treatment to the individual patient. 
The fi blockers became generally available at about 
the same time as the disease became more widely 
recognised; and in the early sixties these agents 
seemed heaven-sent. Here was a drug that would 
slow the heart, reduce contractility, and block the 
apparently excessive catecholamine drive. Although 
B blockers have not fulfilled that early promise in 
hypertrophic cardiomyopathy, nevertheless, pro- 
pranolol may relieve or greatly reduce some symp- 
toms, especially cardiac pain, in at least 50% of 
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patients and so it remains the drug of first choice 
except when arrhythmias are a prominent feature. 
Amiodarone, unlike the calcium antagonists and fj 
blockers, is remarkably effective in reducing the fre- 
quency and impact of both ventricular and supra- 
ventricular tachycardia. There is some evidence that 
amiodarone together with the cautious addition of a 
low dose f blocker is better than either alone in con- 
trolling symptoms in the most severely affected pa- 
tients. Heart failure should not be treated with drugs 
which lower systemic pressure by vasodilatation be- 
cause this will increase the obstructive factor; also 
diuretics should only be used with caution. 


Surgical treatment 


Surgical treatment by myotomy or myomectomy 
was, like the f blockers, introduced in the early 
1960s. There 1s general agreement that operation 
should be restricted to those patients with severe 
symptoms that are unresponsive to medical treat- 
ment and with evidence of a large outflow tract gra- 
dient. The immediate surgical mortality is high and 
congestive cardiac failure is not uncommon in the 
late postoperative period. Severe mitral reflux may 
develop in hypertrophic cardiomyopathy and should 
be treated by valve replacement. The results are not 
as satisfactory as in primary valve disease. But, not 
surprisingly, outflow tract gradients are abolished 
and symptoms are sometimes improved. 


Course 


The course of this disease is ill defined and ex- 
tremely variable, hence prognosis is particularly 
difficult. Death is often unexpected and its sud- 
denness a cause for comment in most accounts of the 
disease over the past thirty years. Those patients 
with a family history of sudden death and evidence 
of ventricular arrhythmias are certainly at great risk 
of syncopal death. It is of interest, however, that not 
all sudden death in this disorder is caused by ar- 
rhythmia. On the other hand, some symptom free 
patients with minimal disease achieve a normal life 
span. I have seen symptom free but quite severe hy- 
pertrophic myopathy in a patient in his seventies, 
restricting symptoms in a patient of seven, and un- 
expected death at the age of eleven. Congestive heart 
failure often associated with atrial fibrillation may 
develop in those who survive with a long history of 
severe disease. Outflow tract gradients then tend to 
diminish and morphologically there may be patchy 
thinning of the hypertrophic myocardium, possibly 
caused by infarction or fibrosis in areas of reduced 
perfusion; thus in the late stages a differential diag- 
nosis between this extraordinary disorder and non- 
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hypertrophic cardiomyopathy may prove very 
difficult. 

The ever increasing knowledge of disease con- 
tinually reveals new problems and thus widens the 
scope of our ignorance. Hypertrophic cardio- 
myopathy is no exception, since the capacity of a 
highly specialised tissue such as myocardium to 
grow beyond its allotted size is as remarkable a 
biological phenomenon as the timely cessation of 
normal growth. When increased resistance to con- 
traction is the stimulus for myocardial hypertrophy ` 
the result is mostly homoeostatic and comprehen- 
sible, but what of apparently purposeless and almost 
chaotic hypertrophy? We know that there is usually 
a genetic fault but we know nothing of its origin or of 
its translation into pathogenesis. It is not surprising 


therefore that we have not yet found a means of > 


reversing this extraordinary disorder. 
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Valve prostheses and pregnancy 


CELIA OAKLEY 


From the Department of Clinical Cardiology, Hammersmith Hospital, London 


All patients with mechanical heart valves need long 
term treatment with anticoagulant drugs to prevent 
thromboembolism. Because the use of these drugs in 
pregnancy increases the risk of abortion or fetal 
damage management of pregnant women with valve 
prostheses is still controversial. Women with 
artificial heart valves may even be advised against 
pregnancy because of the “serious risks to both 
mother and child"! 

A hypercoagulable state exists in pregnancy when 
concentrations of clotting factors, platelet turnover, 
and viscosity are increased and fibrinolysis is dimin- 
ished. These changes increase the risk of prosthetic 
valve thrombosis.? 

Whenever possible childbearing should be com- 
pleted before valve replacement. In general, patients 
with severe mitral or aortic regurgitation tolerate 
pregnancy well probably because of the beneficial 
effects of vascular dilatation; the slight increase in 
heart rate seen in most pregnancies will limit aortic 
regurgitation. Patients with mitral stenosis suitable 
for valvotomy should have this carried out before 
pregnancy. For suitable valves closed mitral 
valvotomy during pregnancy can be successful with- 
out increased hazard to either mother or fetus if 
operation is avoided during the first trimester. This 
avoids prolonged admission to hospital with the 
adverse effects on the marriage and also ensures that 
the mother will be in good health to look after the 
infant and her family. Unfortunately, few surgeons 
in the developed world are now trained to do closed 
mitral valvotomy and risk of fetal loss when the 
operation is performed under bypass is consid- 
erable; however, many such operations have been 
performed successfully. Patients with mitral stenosis 
in sinus rhythm who are unsuitable for valvotomy or 
who have severe aortic stenosis (fortunately a rare 
condition) may be helped through pregnancy with fi 
blockers. 
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Fitness for pregnancy depends on the woman's 
general health and haemodynamic reserve; the rea- 
son for the valve replacement (such as Marfan's syn- 
drome with its special maternal and genetic risk); the 
possible effects on fetal development of drugs given 
to the mother; the risk of thromboembolism, 
arrhythmia, or infection; and the maternal progno- 
sis. Most patients with mitral or aortic valve replace- 
ments, even double or triple valve replacements for 
rheumatic heart disease, tolerate pregnancy well. 
Most such young patients are in New York Heart 
Association classes I or II, but a few may be in class 
III or IV and will be at increased risk. A full echo- 
cardiographic study should be carried out to evalu- 
ate left ventricular and valvar function and consoli- 
date the clinical assessment. When there is doubt, an 
exercise test provides a valuable indication of the 
cardiac reserve. 

Anaemia caused by menorrhagia is common when 
anticoagulants are being taken, and mechanical hae- 
molysis may add to the risk of anaemia—although 
this is rare with modern valves unless there is a para- 
prosthetic leak. Patients with rheumatic valve dis- 
ease may develop atrial fibrillation in pregnancy and 
if this occurs the rate should be brought under rapid 
control with digoxin.and a f blocker. Cardioversion 
can be carried out in pregnancy and does not induce 
ventricular fibrillation in the fetus. Other anti- 
arrhythmic drugs that can be used safely are vera- 
pamil, quinidine, and disopyramide. If a diuretic is 
needed the dose should be kept to a minimum and 
adjusted to the pulmonary rather than the systemic 
venous pressure. Patients with mitral valve pros- 
theses tend to have a raised venous pressure in preg- 
nancy; particularly if atrial fibrillation is present. 

Because rheumatic fever is now rare in developed 
conntries, experience of large numbers of preg- 
nancies in women with artificial heart valves is more 
often reported from the Third World than from the 
West.  ?75 Most of the patients have mitral valve 
prostheses and just over a third of such patients in a 
recent report from Mexico were in atrial 
fibrillation.! 
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In the early years of experience with porcine 
xenografts and other “‘tissue” valves, their use was 
advocated in young women who might wish to 
become pregnant. Unfortunately, the long term 
durability of these valves is disappointing, particu- 
larly in the young’ and valve deterioration is likely 
to be especially rapid in pregnancy. The certain need 
for reoperation and the risk of between 5% and 10% 
for each operation make the use of tissue valves in 
the young unjustifiable. In any case the commonest 
condition requiring valve replacement in young 
women is rheumatic mitral valve disease in which an 
enlarged left atrium, previous thromboembolism, or 
atrial fibrillation impose an absolute need for long 
term anticoagulant treatment whatever kind of valve 
is implanted. 

Coumarin derivatives carry a teratogenic risk of 
chondrodysplasia with nasal hypoplasia, optic atro- 
phy, and dwarfism when they are administered 
between the sixth and ninth week of gestation.! * 9? 
The fetus becomes overanticoagulated because 
warfarin but not vitamin K dependent coagulation 
factors cross the placenta and the immature fetal 
liver is more sensitive to the anti-vitamin K effect of 
the drug. Neurological complications which have 
occurred after the administration of coumarin later 
on in pregnancy are almost certainly attributable to 
haemorrhage. This risk is further increased at 
delivery. 

The antiplatelet agents, aspirin and dipyridamole, 
do not prevent thromboembolism from prosthetic 
valves in non-pregnant patients and they are even 
less effective during pregnancy when the mother is 
at increased risk of systemic embolisation.? ^ 1°, 

Because heparin is a large molecule that does not 
cross the placenta and can have no teratogenic or 
anticoagulant effect on the fetus, it has been sug- 
gested for use during pregnancy either in prophy- 
lactic doses* or for full anticoagulation employing a 
heparin lock, self-administration, and with the aim 
of achieving a partial thromboplastin time of 
1:5-2-0 x normal! The suggestion that heparin 
should be started before conception!! means that 
some women could remain on treatment 
indefinitely. 

Hall et al reviewed 135 published cases in which 
heparin had been given during pregnancy to patients 
with artificial valves.!? The details of administration 
were not always clear but most were probably 
treated with subcutaneous heparin. Since either suc- 
cess or failure may stimulate reporting, such reviews 
may not give a true picture, but Hall found that an 
eighth of the infants were stillborn, a fifth were pre- 
mature (a third of whom died), and only two thirds 
were normal—about the same success rate which 
followed the use of coumarin derivatives throughout 
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pregnancy. Maternal haemorrhage occurred in 
14 (10945) of the patients and there were three deaths 
(295). The high fetal loss was attributable to retro- 
placental haemorrhage. Wang et al reported four 
abortions in 10 patients given subcutaneous heparin 
in the first trimester.!? 

As a compromise it has been suggested that the 
coumarins should be replaced by subcutaneous 
heparin during the first trimester and the last two 
weeks of pregnancy. An early report by Salazar et al 
of the use of heparin in a fixed dose of 5000 units 
every 12 hours was encouraging.* More recently, his 
group examined the risk of embryopathy when cou- 
marins were given throughout pregnancy, when 
heparin was given from the 6th to 12th week, and 
when heparin was started after the seventh week. 
The high incidence of spontaneous abortion was 
similar with all three regimens, but two women 
receiving subcutaneous heparin during the first tri- 
mester suffered massive valve thombosis and in 
another the valve thrombosed during the last two 
weeks of pregnancy after the patient had been 
transferred back to heparin. 

Children were examined for signs of embryopathy 
by a clinical geneticist and this probably explains 
why the reported incidence was higher than in other 
reports.!? 1^ No abnormalities were seen in any of 
the children born after heparin had been used from 
the sixth week but two out of eight of the liveborn 
infants resulting from the 12 pregnancies treated 
with heparin becween the 7th and 12th weeks had 
suggestive minor facial defects and two out of 27 
children resulting from 37 pregnancies in women 
receiving coumarin drugs throughout pregnancy 
had features of embryopathy. No cases of central 
nervous system defects, dwarfism, or epiphyseal 
stippling were seen, however, so none of these chil- 
dren was seriously affected. Chen saw no cases of 
embryopathy among 22 pregnancies in which the 
mothers continued warfarin throughout the first 
trimester.? 

None of the 54 children studied in the Mexican 
series had defects such as microcephaly or spasticity 
attributable to the use of coumarin anticoagulants 
during the iast two trimesters of pregnancy.‘ 

The sum of the recently reported experience sug- 
gests that a successful outcome can be expected in 
about two :hirds? of cases when coumarin deriva- 
tives are used throughout pregnancy.? 5!? The risk 
of a livebern child having a disabling coumarin 
embryopathy seems to be «594. 

"There are many published reports of valve throm- 
bosis in mothers receiving heparin.! !?^!? This has 
occurred mainly, but not invariably in Bjórk-Shiley 
valves and usually after heparin prophylaxis, but 
there has been one report in a patient with a Starr 
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mitral prosthesis who was on anticoagulant doses of 
heparin.!$ 

'The use of anticoagulant doses of heparin may 
reduce the risk of valve thrombosis (though this has 
still to be shown), but it carries a substantial risk of 
both maternal haemorrhage and spontaneous abor- 
tion. Moreover, it can also cause thrombocytopenia, 
alopecia, and osteoporosis.! ?!? 

Intravenous heparin has been widely used in 
hospital in the last two weeks of pregnancy without 
adverse effects. It has the virtue that both the 
mother and the fetus can be continuously observed. 
The effect of warfarin on the baby must be assumed 
to persist for seven to ten days after waríarin is 
stopped and the baby should be given vitamin K. 
Breast feeding is not contraindicted.!? If the mother 
is admitted in premature labour while still on 
warfarin she should be given fresh frozen plasma 
before caesarean section. The effects of heparin can 
be temporarily reversed with protamine, and 
warfarin treatment can be resumed immediately 
after delivery. 

It is uncertain whether the teratogenic effect of 
coumarin derivatives is the result of their chemical 
structure or of the anticoagulant effect exerted at a 
critical period of development of cartilagenous bone. 
The lack of information about the safety of 
phenindione during the first trimester may be attri- 
butable to its infrequent use rather than to its greater 
safety. Nevertheless, at Hammersmith Hospital we 
have for some years transferred young women to 
phenindione in pregnancy and have had no 
embryopathies and no compromised babies.?? 

Although both Hall and Salazar concluded that 
women of childbearing age with artificial valves 
should be advised not to attempt pregnancy, we are 
more optimistic?! ?? and believe that the danger to 
the mother is very small5; that the chance of a suc- 
cessful outcome is good; and that most unsuccessful 
pregnancies are miscarried so that the risk of a live- 
born malformed baby is small. Whenever possible, 
childbearing should be completed before valve 
replacement, but when this is not possible, mechani- 
cal valves should be chosen and currently phen- 
indione 1s the preferred anticoagulant with transfer 
to intravenous heparin in hospital during the last 
two weeks of pregnancy. 
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Da Costa’s syndrome or neurocirculatory asthenia 
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SUMMARY The syndrome variously called Da Costa’s syndrome, effort syndrome, neuro- 
circulatory asthenia, etc has been studied for more than 100 years by many distinguished physi- 
cians. Originally identified in men in wartime, it has been widely recognised as a common chronic 
condition in both sexes in civilian life. Although the symptoms may seem to appear after infec- 
tions and various physical and psychological stresses, neurocirculatory asthenia is most often 
encountered as a familial disorder that is unrelated to these factors, although they may aggravate 
an existing tendency. Respiratory complaints (including breathlessness, with and without effort, 
and smothering sensations) are almost universal, and palpitation, chest discomfort, dizziness and 
faintness, and fatigue are common. The physical examination is normal. The aetiology is obscure 
but patients usually have a normal life span. Reassurance and measures to improve physical 


fitness are helpful. 


Da Costa’s syndrome or neurocirculatory asthenia 
has a long and honourable history in the medical 
literature and in clinical medicine. Yet it is infre- 
quently mentioned today. It is unlikely to have dis- 
appeared; it probably exists much as before but is 
more often identified and labelled in pt 
terms such as "anxiety state" or “anxiety neurosis" 
There is no harm in this shift in diagnostic labels as 
long as the essential importance of the syndrome, its 
prognosis, and treatment are properly appreciated. 
Such is not always the case and, as in other medical 
issues, it is educational to review and summarise the 
past. What has been forgotten should not necessarily 
remain forgotten. 

For the purposes of this discussion, a broad 
definition of Da Costa's syndrome that is applicable 
to military and civilian patients is: a disorder of 
unknown origin, often familial, characterised by the 
presence of one or more symptoms including 
breathlessness with and without effort, palpitation, 
nervousness, chest discomfort not typical of angina 
pectoris caused by ischaemic heart disease, 
fatigability, and faintness; tending to occur in 
attacks which may recur over years and for which 
there is no specific treatment. 
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Although Jacob M Da Costa is the name most 
honoured by history in this condition, at least one 
other relevant report antedated his paper in 1871. 
On 3 June 1863 Dr Henry Hartshorne made a 
presentation regarding heart disease in the Union 
Army to the College of Physicians in Philadelphia. 
He commented: “Among the chronic affections of 
soldiers, which are best studied in hospitals remote 
from the field, is one which does not seem to have 
met, as yet, with full appreciation by medical 
officers, inspectors and pension surgeons... The 
affection to which I allude may be designated as mus- 
cular exhaustion of the heart."! 

Dr Hartshorne went on to mention that Dr Alfred 
Stillé had delivered an address on a somewhat simi- 
lar disorder, referred to by him as “palpitation’’, 
before the Philadelphia County Medical Society 
four montbs earlier.? Stillé had noted that this pal- 
pitation was “a very frequent symptom among the 
soldiers, occurring in perhaps every case of inter- 
costal neuralgia, but often, also, originating appar- 
ently in a state of extreme exhaustion...” 
Hartshorne described how in an 80 bed ward of a 
Union army hospital over a seven month period the 
majority of the cardiac patients exhibited neither 
hypertrophy nor dilatation, or palpitation “from 
sympathy with irritated stomach, from nervousness, 
abuse of tobacco, etc", but cardiac muscular exhaus- 
tion. This was demonstrated by shortness of breath 
after moderate exertion and a rapid pulse on slight 
effort. The men appeared well and there were no 
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cardiac murmurs; however, sometimes the first heart 
sound was diminished. Although there was 
improvement with several months of rest this did 
not cure most of the cases. He considered that the 
process was attributable to the stress of the military 
campaigns with “great and prolonged exertion with 
the most unfavorable conditions possible—privation 
of rest, deficient food, bad water, and malaria." 

Four year later in February 1867, Dr W C 
Maclean, who was Professor of Military Medicine at 
the British Army Medical School, wrote a lecture 
entitled “Diseases of the heart in the British Army", 
which was published in the British Medical Jour- 
nal? His message regarding British soldiers was 
different from that of Hartshorne because he was 
calling attention to cardiac hypertrophy and 
dilatation caused, he considered, by excessive exer- 
tion from carrying the soldier's field pack, which 
amounted to over 60 pounds, and by the manner in 
which its straps constricted the circulation. No 
symptoms are described in Maclean's paper and it 
hardly belongs in this historical sequence started by 
Hartshorne, although both were concerned with the 
role of physical exhaustion. 

The first major publication on the topic was enti- 
tled “On irritable heart: a clinical study of a form of 
functional cardiac disorder and its consequences" by 
Dr Jacob M Da Costa, published in the January 
1871 issue of the American Journal of Medical Sci- 
ences.* Da Costa was only one of a series of notable 
physicians to be intrigued by this problem, which 
over the next 70 years included some of the great 
names in internal medicine. 

Da Costa was born in 1833 on the Island of St 
Thomas in the West Indies. He was educated in 
Europe and came to Philadelphia in 1849, where at 
the age of 16 he entered Jefferson Medical College. 
He graduated three years later at 19 and went on to 
enrich his education with 18 months of observation 
in the clinics of Paris and Vienna before returning to 
practise in Philadelphia. Wooley reviewed his dis- 
tinguished career,? which included publication in 
1864, when Da Costa was only aged 31, of a volume 
on medical diagnosis which was so successful that it 
ran to nine editions and was translated into German, 
Russian, and French. Da Costa was appointed to the 
position of Chairman of Medicine at Jefferson Med- 
ical College, was elected President of the College of 
Physicians of Philadelphia, and was selected as one 
of the original members and later president of the 
Association of American Physicians. 

Da Costa’s role in military medicine came during 
the Civil War when Philadelphia became the site of 
several military hospitals. Da Costa was assigned to 
one at a suburban Philadelphia estate on Turner's 
Lane. Here Da Costa was exposed to a "cardiac mal- 
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ady common among soldiers". He wrote a report 
about it to the War Department as early as Decem- 
ber 1862 and finally summarised his thoughts in the 
36 page article published in 1871 in the American 
Journal of Medical Sciences.* 

Da Costa's clear description of this malady was 
supplemented by several case histories. Although 
the story he tells related only to soldiers, he made the 
point in the first paragraph that Much of what I am 
about to say I could duplicate from the experience of 
private practice." Therefore, this was not a phenom- 
enon seen solely in military surroundings. Later in 
the article he confirmed this by mentioning that 
some of his patients had experienced typical symp- 
toms before enlisting. After commenting that he had 
chosen the name of "irritable heart" for this “pecu- 
liar form of functional disorder", which he believed 
had also occurred in British troops earlier in the cen- 
tury, he made the following observations. 

The condition often followed a period of hard ser- 
vice in the field or a febrile illness with or without 
diarrhoea; less frequently it was seen after various 
situations including battle wounds and scurvy. The 
main symptoms were palpitation with a rapid pulse, 
with and without effort, and on occasion with slight 
irregularities; chest pain near the cardiac apex either 
sharp and lancinating, or dull in character, coming 
with and without effort; and shortness of breath, 
again not necessarily associated with exertion. A 
range of digestive complaints was also common. The 
physical examination was described as not remark- 
able except for the unusually rapid pulse, a quick 
cardiac impulse, and sometimes apical systolic mur- 
murs. Treatment was prolonged and included rest 
and digitalis preparations, at times combined with 
aconite or other drugs. À few patients could return 
to full duty when they had completely recovered, 
but most had to be assigned light duty or were 
retired from the service. Da Costa made the point 
that one infrequent outcome was the development of 
cardiac hypertrophy, which he believed to have 
developed in 28 of 200 cases seen. Finally, he cau- 
tioned that such a condition occurs with *'severe or 
protracted" military campaigns, and he urged ade- 
quate physical training for new recruits, avoidance 
of forced marches, and provision for adequate con- 
valescence for those with acute infections before 
they returned to duty. 

Such were the features of Da Costa's syndrome as 
set out in 1871. It must be borne in mind that on the 
one hand, some of the patients indeed did have or 
had had malaria, typhoid, acute gastroenteritis, 
scurvy, malnutrition, and physical exhaustion, and 
had a reason for temporary asthenia, and Da Costa 
considered these in his description. And on the other 
hand, a few others may have had organic heart dis- 
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ease that was undiagnosable at the time, including 
coronary or hypertensive heart disease, myocarditis, 
and myocardiopathy. Rheumatic and syphilitic heart 
disease would probably have been diagnosed. Dis- 
counting these, there was left a vivid picture of a 
residual group with Da Costa’s “‘cardiac malady” 
which is something else apart—an entity of uncer- 
tain origin, consistent clinical features, and disabling 
but not life threatening consequences. 

Although the next major contributions in this area 
came during the first world war, there were minor 
evidences of interest from time to time in inter- 
vening years. The British authorities did alter the 
weight and strappings of the soldiers’ packs and later 
altered training drills in futile attempts to prevent 
the problem from occurring in the troops. (Howell 
has recently written an excellent review of the Brit- 
ish military experience with this syndrome.5) The 
condition is said to have been encountered during 
military operations in South Africa and India. 

The first world war saw an amazing degree of con- 
cern for the syndrome described by Da Costa. Some 
of the best medical brains in Britain were recruited 
to study the problem. The reason for the mobi- 
lisation of all this scientific talent was the extent of 
Da Costa’s syndrome in the allied military forces, 
which became apparent during the first months of 
the war. Alfred E Cohn wrote that as of 31 August 
1918, 41699 men had been discharged from the 
British Army because of heart disease, “most of 
them probably" because of Da Costa's syndrome.’ 
The German army seems to have had a similar 
experience. Goldscheider reported to the Medical 
Society of Berlin in 1915 on the frequency in the 
troops of symptoms referable to the heart due to 
muscular and nervous exhaustion.® He cited no sta- 
tistics. In 1916 Archives des Maladies du Coeur con- 
tained a review of 23 published reports of cardiac 
problems in wartime, many of which resembled Da 
Costa's syndrome; 10 of the articles cited were Ger- 
man. 

As early as 1915, the British Medical Research 
Committee had arranged for study of “‘disorders of 
the soldier’s heart” under the general direction of 
Sir James Mackenzie at University College Hospital 
in London. Later, an advisory committee was 
appointed including Mackenzie, Sir Clifford 
Allbutt, and Sir William Osler. Dr Thomas Lewis 
was put in charge of the undertaking; and he, T F 
Cotton, and F H Thiele made a brief report on the 
problem in the British Medical Journal in November 
1915.1? Early in 1916 the Director-General of the 
Army Medical Service set aside the 250 bed Mount 
Vernon Hospital in Hampstead, London, for further 
investigation and rehabilitative treatment of the con- 
dition; late in 1917 the activities were transferred to 
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a 700 bed hospital at Colchester in Essex. Other 
smaller rehabilitation centres were opened in other 
areas in 1918. British physicians assigned at the out- 
set to Hampstead included John Parkinson, J C 
Meakins, and R M Wilson. 

Six physicians from the United States (Samuel A 
Levine, Rufus A Morrison, Dr B S Oppenheimer, 
Marcus A Rothschild, William St Lawrence, and 
Frank N Wilson) who were experienced in cardiol- 
ogy were assigned in the summer of 1917 to Col- 
chester by the Surgeon General of the United States 
Army on the advice of Dr Alfred E Cohn. Later, in 
1918, the Surgeon General set aside 200 beds at the 
United States General Hospital No 9 at Lakewood, 
New Jersey, for the same purpose. These were 
under the direction of Dr Francis W Peabody. On 6 
June 1918 the hospital was made a centre for cardio- 
vascular disease. The medical officers there included 
Harry D Clough, Cyrus C Sturgis, and Joseph T 

One consequence of this heightened activity was a 
spate of new labels. Hartshorne had used the term 
"muscular exhaustion of the heart" in 1864, Da 
Costa had' preferred "irritable heart" in 1871, Sir 
James Mackenzie used the label “general exhaus- 
tion” in 1916,!! Thomas Lewis used “effort syn- 
drome” in his 1919 monograph,'? and the American 
workers preferred “neurocirculatory asthenia.’”!3 A 
vague wastebasket term, “disordered action of the 
heart", had also been used in the British Army, and 
the equally unsatisfactory term “‘soldier’s heart" was 
used. In addition, the British army had the category 
“valvular disease of the heart", but in his series 
Lewis reported that 161 of 277 patients with this 
designation should be reclassified as “‘effort syn- 
drome."!? 

The most active and the earliest interest in Da 
Costa's syndrome during this period came from 
British workers under Thomas Lewis who was the 
newest bright star in the cardiac firmament and a 
remarkable investigator.’* Starting first at Univer- 
sity College Hospital in London and then at the mil- 
itary hospitals in Hampstead and Colchester, Lewis 
and his team conducted a series of studies that 
resulted in more than 20 published papers. 

Sir James Mackenzie who was a leading member 
of this group summarised his views of the syndrome 
as seen in British soldiers in a report published in the 
British Medical Journal in January 1916.!* He found 
that a history of recent infections was present in 
most cases, and emphasised that fatigue and exbaus- 
tion were always present, and breathlessness was 
frequent. Depression and concern about heart dis- 
ease was common, as were signs of vasomotor 
instability of the hands. In a 1920 article in the same 
journal, he wrote: “In a careful inquiry into the ori- 
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gin of ill health in over 2,000 soldiers I found that in 
the case of about 80 per cent, the first onset of their 
iliness began with some complaint of an infectious 
nature... In a number of cases there was no history 
of infection, and the onset of the illness seemed to be 
due to a variety of circumstances... want of rest had 
evidently been the provoking agent in these 
instances.” !5 

Another early publication from the group was that 
of Parkinson,'* who described in 1916 his experi- 
ence with 90 “cardiac” cases passing through a casu- 
alty clearing station in the British Expeditionary 
Force in France in the period March 1915 to Jan- 
uary 1916.!$ He considered that 40 of these had 
“soldier’s heart”. Thirty nine of them complained of 
shortness of breath on exertion, 24 had precordial 
pain on effort (usually an ache that became sharper 
with increased exertion), 16 stated they were easily 
exhausted, and on auscultation nine had a short api- 
cal systolic murmur. After an average follow up of 
seven months, only nine were back on full duty and 
17 were on light duty. He suggested that the *'rela- 
tive cardiac inefficiency" must represent the effects 
of previous infection, aging changes in men over 40, 
or a constitutional endowment of a heart “with lim- 
ited efficiency". 

A characteristic case cited was that of a 22 year old 
private. “Since age of 17, palpitation and shortness 
of breath on exertion. Light bench-work. September 
1914, enlisted. Same symptoms on doubling or hur- 
rying. September 1915 to France. Palpitation, short- 
ness of breath, exhaustion and dull pain in fourth to 
sixth left spaces about nipple line, all on marching. 
After one month admitted. Examination: no abnor- 
mal physical findings. Eight months later: full duty 
in France but no better." 

The group with Thomas Lewis reported other 
observations on these soldiers. Firstly, with test 
exercise they became more symptomatic than con- 
trol subjects; they were able to do less physically 
than the controls, and their pulse rates and systolic 
pressures rose more than those of the presumed nor- 
mal soldiers.!" Second, there was no appreciable 
cardiac enlargement on orthodiographic mea- 
surement.!? Third, they seerned to have a slightly 
reduced vital capacity.!? Fourth, the men might 
show hyperalgesia in the precordial area.?? Fifth, 
although in 1916 they reported that the “cause of 
breathlessness 18 absence of an adequate supply of 
buffer salts in the blood,"?! a later (1919) study 
showed no clear reduction in the alkaline reserve of 
the blood.?? Sixth, symptoms were not improved by 
the administration of digitalis.?? Seventh, when 
given atropine, pilocarpine, and amyl nitrite they 
did not behave very differently from the control 
group.?^^ 26 Eighth, they did not develop distinctive 
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changes in the PR intervals with and after effort.?7 
Ninth, as described by Oppenheimer and 
Rothschild, they may have represented two 
populations—one with a positive family history and 
a history of symptoms before enlistment and one 
without such a background and with symptoms, 
particularly exhaustion and weakness, apparently 
precipitated by an event such as an acute infection.28 

At Hampstead J C Meakins and R M Wilson 
examined the reaction of soldiers with this syndrome 
to a sudden visual stimulus followed by an 
"unexpected discharge of a blank cartridge under 
the examining couch".?? Subjects exposed to this 
singular ordeal developed more rapid respiratory 
and pulse rates than did the normal soldiers. (It 
would not be surprising if other physiological and 
psychological effects resulted, but they were not 
described.) 

In February 1918 in the Lancet Lewis pointed to 
the screening and rehabilitative value of a graded 
recreation and exercise programme conducted in the 
bospital.?? Of 558 men discharged over a six month 
period in 1916 (average follow up of 11 months) 
approximately half could be returned to some duty 
capacity. Such a successful programme sounded 
remarkably easy to accept, especially for men com- 
ing from the trenches. Cohn described how the pro- 
gramme included “setting up exercises, marches 
with the band; there were round games and tennis, 
golf and cricket; athletic competitions, lectures and 
picture shows... There were theatricals, often 
arranged by the men themselves... And there was 
plenty of music; in one British camp there were two 
brass bands, an orchestra, a mandolin, and a banjo 
club." Lewis proposed that a systematic course of 
exercise be made available in all large military hospi- 
tals, a recommendation strongly endorsed by Sir 
William Osler?! and Sir James Mackenzie.!! 

Lewis summarised his experience in a 144 page 
monograph published in 1919 entitled “The sol- 
dier's heart and the effort syndrome".!? He con- 
sidered that such a rubric encompassed six 
subgroups—those with a constitutional nervous or 
physical weakness, some exposed to extraordinarily 
unfavourable conditions of work and sleep, those 
convalescent from acute infectious illnesses, a few 
with as yet unrecognised infection, a small group 
recovering from gas poisoning, and another small 
group with unrecognised heart disease. He consid- 
ered it not remarkable that some men developed 
symptoms under wartime stresses, and pointed out 
that the syndrome was also found in civilian life. He 
emphasised the universality of the symptom breath- 
lessness (only rarely found at rest), which he consid- 
ered was probably related to acid-base alterations in 
the blood. Fatigue, he noted, was also universal as a 
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complaint and half of the patients had vague left 
chest distress with or after effort, with at times 
hyperaesthesia of the skin or muscles of the chest 
wall. Palpitation was also very frequent, and there 
was occasional fainting and some giddiness. He did 
not agree with Hartshorne and Maclean that this 
syndrome represented heart strain. He did not find 
that consumption of alcohol or tobacco, or the pres- 
ence of hyperthyroidism, were aetiological factors 
(patients with effort syndrome used less tobacco and 
alcohol than soldiers with gunshot wounds), nor did 
he find evidence for a primary defect of the nervous 
system. He concluded that the dominant aetiological 
factor in the clinical histories of soldiers com- 
plaining of the “effort syndrome" was ‘infection of 
one kind or another”. In his emphasis on the role of 
infection, he agreed with Sir James Mackenzie. He 
encouraged the use of a hygienic regimen including 
outdoor activities, and of reassurance, and empha- 
sised that bed rest was harmful. 

After the armistice in 1918, Lewis assisted the 
British Ministry of Pensions in its assessment of 
cases of cardiovascular disability. An outpatient 
clinic was established at University College Hospital 
in London, and Parkinson was placed in charge of 
beds for convalescent cases at the Ministry of Pen- 
sions hospital at Orpington. (Brief summaries of the 
contributions of Lewis and his group during and 
immediately after the first world war may be found 
in the annual reports of the Medical Research Com- 
mittee, 1914-1915 to 1919-1920, published in Lon- 
don by His Majesty’s Stationery Office.) 

In 1925 Dr Ronald T Grant, who was associated 
with Lewis, published a five year follow-up of 665 
cases of “effort syndrome" seen at the Hampstead 
and Colchester Military Heart Hospitals during the 
years 1916-18 and who subsequently lived in the 
London area.?? He traced over 90% of the men. 
Only 1594 seemed to have recovered completely but 
the overall death rate in the group was not remark- 
able, although many of the men had developed pul- 
monary tuberculosis. He reasoned that incipient 
cardiac disease was not a factor in the syndrome. 

Meanwhile, on the other side of the Atlantic in 
Lakewood, New Jersey, at the United States Army 
General Hospital No 9, a more modest wartime 
investigative effort was initiated. Dr Francis Pea- 
body with Dr Clough, Dr Sturgis, Dr Wearn, and 
Dr Tompkins reported that 65 soldiers with the 
“constitutionally inferior” type of the syndrome 
showed an abnormal rise in systolic blood pressure 
or pulse rate or both in response to an intramuscular 
injection of adrenaline.?? The same group without 
Peabody and Clough also administered an injection 
of atropine to these soldiers and noted that the 
rebound increase in pulse rate after an initial slowing 
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was greater in the patients than in the control sub- 
jects.?^ Adams and Sturgis found little evidence of a 
reduced vital capacity in the men,?? nor could they 
confirm the 1916 view of Lewis and his colleagues?! 
of any abnormality in the carbon dioxide combining 
capacity of the blood and in acid-base balance. 

A comprehensive report from the American side 
was prepared in 1919 by Dr Alfred Cohn of 
Rockefeller University, based both on his chnical 
experience in England at the Military Hospital at 
Colchester and in the hospitals of the American 
Expeditionary Force.’ He reasoned that “the heart 
in convalescence after acute infectious disease and 
the Irritable Heart are probably not the same thing" 
and vigorously proposed that “this symptom com- 
plex is neurotic". He minimised but did not discard 
the importance of constitutional inferiority, writing 
that “taking constitutional predisposition into 
account is essential, but as a complete account of 
failure, it appears to be inadequate." He ended his 
paper with the conviction that “the disorder is 
essentially a neurosis, depending upon anxiety and 
fear; that it is removed by the disappearance of the 
inciting cause and that it is cured by measures 
designed to influence the neurotic state." 

Neuhof, also writing in 1919 on the topic “The 
Irritable Heart in General Practice," believed that 
“the soldier’s irritable heart is no new complex, but 
is the same syndrome seen in civil life, intensified 
and multiplied by training and war conditions."?9 
He believed that “‘some great emotion, fright, dread, 
shock, is usually the directly antecedent cause of the 
outbreak of the cardiac symptoms. Reflex excitation 
from the gastrointestinal tract is the next most fre- 
quent." The fundamental process in his view was 
"hyperexcitation of the sympathetic nervous sys- 
tem". 

Dr Paul Dudley White of Boston had received a 
letter from Dr Alfred Cohn dated 17 May 1917 sug- 
gesting that he become a member of the American 
contingent destined to go to England to work under 
Thomas Lewis at Hampstead and Colchester. Paul 
White, having been trained by Lewis, was clearly 
interested in the proposal but found that he, as a 
member of the United States Army Medical Corps 
Reserve, would not be released from his commit- 
ments to the Massachusetts General Base Hospital 
No 6. Indeed he was placed on active military ser- 
vice on 24 May 1917, only seven days after the date 
of Cohn's letter soliciting his participation. Paul 
White had visited the Hampstead Military Hospital 
on 29 August 1916 and was familiar with British 
interest in the subject. 

Paul White's first publication in this area came 
after the war in 1920 when he pointed out that, since 
returning to civilian life, he had seen in six or eight 
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weeks 12 young patients with “effort syndrome^.?? 
This was the first scientific paper to emphasise how 
common this problem was in civilian practice, and it 
was succeeded in 1934 by a more comprehensive 
discussion.!? Most of his patients were women, their 
symptoms were typical, there was no evidence of 
organic heart disease, and he underscored the 
importance of correct diagnosis to avoid unneces- 
sary invalidism. He did not support the views of 
Lewis and Mackenzie of an infectious or bacterial 
toxic aetiology for most cases. Here at last was an 
opportunity to consider the syndrome away from the 
unusual and often highly unfavourable conditions of 
wartime with their prevalence of respiratory and 
other infections, abnormal living conditions, uncer- 
tain diets, and fear of imminent death. Subsequently 
over the next 30 years he and his associates 
(especially Mandel E Cohen, and others including 
Edwin O Wheeler, Henry B Craig, William P Chap- 
man, Stanley Cobb, Jacques Carlotti, and Eleanor 
W Reed) produced a series of reports that explored 
many facets of this puzzling condition. They used 
the term “neurocirculatory asthenia”, which had 
been preferred by the United States investigators at 
the end of the first world war. 

Cohen and White reported that 2-4% of the pop- 
ulation had this disorder. The mean age of onset was 
about 25 years.°® The disorder affected twice as 
many women as men, often occurring in successive 
generations in the same family. Unlike most earlier 
investigators they called attention to the chronic 
presence of sighing respirations, the complaint of 
smothering sensations (especially in crowds), and to 
the sign of a flushed face and neck; as well as to brisk 
patellar and Achilles deep tendon reflexes. In a 20 
year follow up of 173 patients, over 70% continued 
to have some symptoms, but only 15% had 
important disability. Symptoms tended to increase 
with muscular effort, unusual emotion-provoking 
situations, disagreeable thoughts, and exposure to 
crowds, but two thirds of the patients could identify 
no stimulus. Painful stimuli such as heat and a tight 
sphygmomanometer cuff produced abnormal 
responses in subjects with neurocirculatory asthenia 
but not in controls. Patients could not continue as 
long as control subjects with moderate muscular 
effort, including running on a treadmill or stepping 
up and down. They also showed higher pulse and 
respiratory rates and blood lactate concentrations 
with exercise than the controls, and pulmonary ven- 
tilation was higher but oxygen consumption was the 
same. These observations coincided with those of 
the British workers Jones and Scarisbrick, published 
in 1946.2? Rebreathing a mixture containing 
increased amounts of carbon dioxide often 
reproduced the symptoms. The symptoms of 
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neurocirculatory asthenia were considered not to be 
identical with those of fear alone. 

In 1958, Kannel et al reviewed the resting electro- 
cardiogram of 203 individuals in the Framingham 
study considered to have neurocirculatory asthenia 
and concluded that no electrocardiographic abnor- 
malities were characteristic of this syndrome, *? a 
finding also reported by others. 

Paul White and his group concluded that the 
cause of the condition was unknown and that simple 
reassurance and observation over time were the most 
effective therapeutic measures. In their last publica- 
tion in 1972, Cohen and White additionally sug- 
gested that the syndrome might present in two 
forms—a mild disorder called neurocirculatory 
asthenia, and a severe illness that was actually manic 
depressive disease presenting at time with cardio- 
vascular, respiratory, and fatigue symptoms in addi- 
tion to other complaints.*! 

'These extensive long term studies carried out 
under both peacetime and wartime (second world 
war) conditions in civilian and military populations 
give valuable information on many aspects of the 
problem. Most important of all, they drew attention 
to neurocirculatory asthenia in the daily practice of 
cardiology. 

In the midst of these investigations by Paul 
White’s laboratory, a major report on the syndrome 
was presented by Paul Wood in his three 
Goulstonian Lectures given to the Royal College of 
Physicians in London in 1941 during the second 
world war.*? Paul Wood flatly stated that he no 
longer considered that the cause and mechanism 
were unknown. His was an extensive review of pub- 
lished reports with observations of his own. In his 
study of 200 military cases, the symptoms in order of 
frequency were breathlessness (9395), palpitation 
(89%), fatigue (88%), sweats (80%), nervousness 
(80%), dizziness (78%), and left chest pain (78%). 
Only 24% of the subjects could hold their breaths 
for 30 seconds or more, sweat was visible on the 
palms in 67%, and 48% appeared nervous. He con- 
sidered that the left chest pain might have several 
explanations including a functional disturbance of 
the respiratory muscles, strain of the thoracic mus- 
cles, or “minimum trauma from the overacting heart 
of cardiac neurosis." He also commented on raised 
resting heart rates, sweating of the palms, soles, and 
axillae, and hyperventilation after forced breathing 
(but he did not believe that hyperventilation was 
responsible for the symptoms and signs). He consid- 
ered that Da Costa’s syndrome should be regarded 
“as an emotional reactive pattern peculiar to psycho- 
pathic personalities and to subjects of almost any 
form of psychoneurosis.” 

Paul Wood's conclusions included the following: 
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“The symptoms and signs of Da Costa’s syn- 
drome more closely resemble those of emotion, 
especially fear, than those of effort in the normal 
subject. The mechanism of somatic manifestations 
depends on central stimulation, not upon hyper- 
sensitivity of the peripheral autonomic ‘gear’. This 
central stimulus is emotional, and is commonly the 
result of fear. The reaction becomes linked to effort 
by a variety of devices, which include misinter- 
pretation of emotional symptoms, certain vicious 
circular patterns, the growth of a conviction that the 
heart is to blame, consequent fear of sudden death 
on exertion, conditioning and hysteria. Incapacity 
tends to be exaggerated consciously or subcon- 
sciously in order to protect the individual from fur- 
ther painful emotional experience.” 

Thus Paul Wood, after wartime experience with 
the condition, came down squarely on the side of 
viewing Da Costa’s syndrome as a manifestation of 
emotion, more in keeping with the view of Cohn 
than that of Mackenzie or Lewis, and unlike that of 
White and Cohen, who considered that the issue was 
decidedly more complex. 

It was doubtless in part because of Paul Wood’s 
influential views, well spread over three issues of the 
British Medical Journal in 1941, that during the sec- 
ond world war there was a diminished interest in Da 
Costa’s syndrome as a medical entity. Many of the 
cases seem to have been treated by psychiatrists and 
ended up with various diagnostic labels. In the third 
edition of his textbook on heart disease, published in 
1968, Paul Wood restated his views in accord with 
this impression: 

“It should be understood that there is no essential 
difference between 'effort syndrome' and 'cardiac 
neurosis’, they are merely clothed differently, the 
former in battle dress, and latter in nylon. In civil 
life the condition accounts for 10 to 15 per cent of all 
cases referred to cardiovascular clinics; it is common 
in children, and occurs more often in women than in 
men, the ratio being 3:2. It has a preference for the 
emotional races, especially the Jews and Italians. In 
the first world war there were some 60,000 ‘effort 
syndrome’ casualties in the British forces; in the sec- 
ond a more enlighted view was taken, the majority of 
these cases receiving appropriate psychiatric labels 
and management.”’* 

Friedberg, in the third edition of his text Diseases 
of the Heart, published in 1966, also expressed a 
psychiatrically oriented view when he wrote: “The 
underlying cause appears to be a fundamental ego 
insecurity arising from psychological problems 
which began in infancy and childhood".** A more 
recent (1974) review by Caranasos expresses a simi- 
lar sentiment.*5 

The past few years have seen two further lines of 
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exploration. The first of these has been the sug- 
gestion by some that there is an overlap between 
neurocirculatory asthenia and mitral valve prolapse, 
and that both can be considered within a single 
rubric. 

Jeresaty wrote in 1979 that “many of the patients 
previously described as suffering from Da Costa’s 
syndrome, soldier’s heart, the effort syndrome, and 
neurocirculatory asthenia would now be classified 
under the heading of mitral valve prolapse syn- 
drome”’.** Barlow and Pocock stated in 1984: “We 
are also aware that some patients diagnosed by us as 
primary mitral valve prolapse syndrome would be 
classified by others as neurocirculatory asthenia, Da 
Costa’s syndrome, non-specific T-wave changes, 
atypical chest pain syndrome, so-called ‘syndrome 
X’ or similar conditions”’.*” It is important that Bar- 
low and Pocock spoke only of “some patients". 
Wooley noted in 1985 and also earlier how “As 
knowledge and technology progressed, the pathway 
from neurocirculatory asthenia would eventually 
lead to anxiety neuroses of World War II, systolic 
click and late systolic murmur syndrome of the 
1960’s, and the mitral valve prolapse syndrome, 
panic disorders, and autonomic dysfunction states of 
the 1970’s and 1980’s”.*8 

The fact that the disorders referred to all share 
uncertain aetiology, vague symptoms, no means of 
specific identification by laboratory means, and are 
usually unresponsive to conventional treatment 
should not in itself justify creating a new umbrella 
label. Because both mitral valve prolapse and neuro- 
circulatory asthenia are common some individuals 
are likely to show evidence of both conditions. 

It is important to emphasise, as have nearly all of 
those physicians who studied the problem carefully, 
that all patients with neurocirculatory asthenia com- 
plain of undue shortness of breath on effort and 
often at rest, approximately 90% have palpitation 
and fatigue, and approximately 50-75% report chest 
pain. This is not what has usually been reported 
with the mitral valve prolapse syndrome. It is 
apparent that most young patients with mitral valve 
prolapse syndrome have no symptoms at all if the 
condition is detected on a screening examination; 
and even among those seen in the usual clinic (office) 
setting, which concentrates those patients with 
symptoms, symptoms are much less common than in 
neurocirculatory asthenia. Jeresaty reported chest 
pain in 61%, fatigue in 42%, and dyspnoea in only 
38% of 100 cases of mitral valve prolapse.*® Barlow 
et al in their original 1968 description of 63 patients 
with systolic murmurs and in some cases non- 
ejection clicks, also described tiredness, palpitation, 
breathlessness, or chest pain in only 39 (62%).*° 

Leatham and Brigden wrote firmly in 1980 in an 
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article entitled “Mild Mitral Regurgitation and the 
Mitral Prolapse Fiasco” that “isolated disease of the 
mitral valve causing mild or moderate reflux seldom 
causes symptoms other than those of iatrogenic anx~ 
iety.?5? Leor and Markiewicz from the Rambam 
Medical Center in Haifa, Israel, used auscultation 
and echocardiography to study 42 young soldiers 
with neurocirculatory asthenia; they concluded that 
“mitral prolapse and neurocirculatory asthenia do 
not appear to be related’’.>! Silverman et al studied 
68 patients seen in private practice, 57 of whom were 
women, in whom mitral valve prolapse was diag- 
nosed by echocardiography.>? While they concluded 
that the symptoms of neurocirculatory asthenia were 
more common in patients with mitral valve prolapse 
than in an age and sex matched control population, 
only 34 of the 68 complained of dyspnoea (as did 19 
of the controls) and fatigue. Symptoms related to 
effort were not mentioned. Retchin er al investigated 
274 outpatients and suggested that symptoms and 
dysfunction are not related to the presence of mitral 
valve prolapse by echocardiography".5? Devereux 
etal in another large study concluded that “‘non- 
anginal chest pain, dyspnoea, panic attacks and elec- 
trocardiographic abnormalities have appeared to be 
associated with mitral valve prolapse because of 
ascertainment bias and an erroneous classification of 
differences between men and women as being due to 
mitral valve prolapse".5* 

It seems best to keep neurocirculatory asthenia 
and mitral valve prolapse as separate categories for 
the time being because they do not have sufficient 
similarities to justify a single label. This does not 
mean that a few individuals do not demonstrate evi- 
dence of both conditions. The hyperkinetic heart 
syndrome also appears to be different from neuro- 
circulatory asthenia and should also be considered as 
a separate entity.°° 56 

'The second line of investigation has been the 
treatment of neurocirculatory asthenia with f block- 
ing agents. Here, much as in the mitral valve pro- 
lapse story, there has been a modest amount of 
smoke but not much fire. Caranasos in 1974 sum- 
marised the situation as follows: “Recently pro- 
pranolol has been found effective in diminishing or 
even abolishing the cardiovascular signs and symp- 
toms of ‘NCA’, but the psychic symptoms are 
unaffected?.*5 Rimon etal in an unimpressive, 
uncontrolled study published in 1979 in the Israel 
Annals of Psychiatry, listed many non-specific 
symptoms such as depression, palpitation, difficulty 
in falling asleep, tension headache, etc said to have 
been improved in 36 patients with neurocirculatory 
asthenia as result of treatment with propranolol.5? 
No conclusions are justified from this evidence. 

In 1974 Wolf et al of Hadassah University Hospi- 
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tal in Jerusalem treated five men and five women 
with neurocirculatory asthenia with intravenous 
propranolol. In all of them there was improvement 
in ST-T abnormalities in the resting electro- 
cardiograms.?? Here again, no definite conclusions 
can be drawn from such observations. Indeed, the 
whole area of the treatment of disorders associated 
with anxiety with fj blocking drugs appears contro- 
versial.5? 

Da Costa's syndrome or neurocirculatory asthenia 
has been a common condition in the experience of 
many seasoned clinicians. Past studies have shown 
that it has often had a familial background, has 
occurred in both civilian and military life, and 
especially in women, has had certain identifiable 
symptoms, no specific signs, and few demonstrable 
physiological and psychological abnormalities. 
There has been no, or a poor, therapeutic response 
to rest, and no convincing evidence of benefit from 
diet, surgery (adrenal gland denervation was prac- 
tised by Crile in the 1930s$9 55, or drugs. A pro- 
gramme of reassurance, exercise, and physical 
fitness has been of value. 

It is important to be able to recognise the condi- 
tion irrespective of the label used. The diagnosis is 
usually not difficult for an interested reasonably 
intelligent physician. Be alert for the younger 
patient with unexplained shortness of breath, easy 
fatigue, and a history of palpitation and atypical 
chest pain, who sighs frequently during the course 
of the conversation. All too many patients with this 
syndrome, mainly women, are still mistakenly 
labelled as having organic heart disease including 
angina pectoris, and this leads to the additional 
problem of an unnecessary cardiac neurosis. (Not all 
patients with neurocirculatory asthenia have a 
cardiac neurosis and not all patients with a cardiac 
neurosis have neurocirculatory asthenia.) It is essen- 
tial to be able to reassure the patient with 
neurocirculatory asthenia, to understand that the 
condition may be life long with remissions and 
exacerbations, and to appreciate that it may to some 
extent limit physically strenuous effort. Finally, it 
does not appear profitable at this time to attempt to 
combine neurocirculatory asthenia and mitral valve 
prolapse within a single diagnostic category. 
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Blood flow patterns in the human aorta studied by 
magnetic resonance 
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From the Magnetic Resonance Unit, National Heart and Chest Hospitals, London 


SUMMARY Magnetic resonance velocity mapping by the field even echo rephasing sequence was 
used to provide two dimensional velocity profiles in the ascending and the descending aorta. Flow 
patterns were studied in ten healthy volunteers by a display method that gave clear details of the 
profiles. Velocity profiles in the ascending aorta were skewed in systole with an axis of skew 
roughly symmetrical about the plane of the aortic arch. During diastole flow was reversed along 
the posterior left wall of the ascending aorta while it continued forwards at the anterior right wall. 
In the descending aorta plug flow occurred but with minimal skew. Flow along the right wall was 
reversed during diastole. Turbulent flow did not occur in the ascending or descending aorta of 


any healthy subject. 


Magnetic resonance velocity mapping is a very powerful tool for the study of cardiovascular 
physiology. Its non-invasiveness, its quantitative two-dimensional data, its accuracy, and its high 
spatial resolution make it suitable for clinical use. 


The complex phenomena of blood flow in the heart 
and blood vessels are worthy of study because they 
give an insight into the normal and pathological 
function of the cardiovascular system. Flow profiles 
are known to be modified in some diseases! ? and are 
of crucial importance in others (for example steal 
syndromes). Our current knowledge of velocity 
profiles in the great vessels has come from invasive 
techniques such as catheter injection of oil droplets? 
and the hot-film anemometer,** or from non- 
invasive ones such as the pulsed Doppler flow 
meter! 25 whose access to some blood vessels may be 
limited. 

The recent advent of magnetic resonance velocity 
mapping’? using the field even echo rephasing 
sequence? ~ !! has made it possible to obtain accurate 
velocity profiles in two dimensions at any point in 
the cardiac cycle. The technique is entirely non- 
invasive making it ideal for the study of flow patterns 
in vivo. 

We report the analysis of aortic flow patterns 1n 
the ascending and descending aorta of 10 healthy 
volunteers. 
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Principles of magnetic resonance velocity 
mapping 


The principles of the magnetic resonance phenom- 
enon and the methods whereby these properties may 
be translated into non-invasive images are amply 
reviewed by Pykett et aj.!?^ We will confine our 
description to those principles necessary to the 
understanding of how a parametric image of velocity 
may be produced. Although the phenomena follow 
the laws of quantum mechanics the quantum 
mechanical behaviour of populations of nuclei can 
accurately be described along the more readily 
comprehensible classical lines given below. 

'The hydrogen nucleus gives rise to the magnetic 
resonance signals used in clinical images. Nuclei 
spin on their axes, and in a magnetic field these axes 
of spin precess about the direction of the applied 
magnetic field (fig 1). The frequency of precession is 
directly proportional to the magnetic field that each 
nucleus experiences. The nuclei may be excited by 
the application of a radiofrequency pulse perpendic- 
ularly to the field and at the frequency of precession. 
'This changes the angle (but not the axis) of pre- 
cession by an amount depending on the strength and 
duration of the radiofrequency pulse. As the nuclei 
return to equilibrium they emit radio signals at the 
frequency of precession which can be detected in a 
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Magnetic resonance aortic flow patterns 








Precession 
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Axis of Axis of 
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Fig 1 Defimtion of terms for the concepts of nuclear spin 
and precession of the axis of spin. 


radio aerial and processed by a computer to produce 
the image. 

The strength of the radio signal received at any 
time depends on the number of nuclei in phase. If 
the precessions are uniformly distributed around the 
circumference of the circle shown in fig 1, no radio 
signal can be detected because those nuclei pointing 
in one direction have their signal cancelled by those 
diametrically opposite. If the precessions have a 
single phase, so that all point in one direction, a large 
radio signal is detectable. 

The geometry of excitation with the radio- 
frequency pulse brings the nuclei into partial phase 
(for the hydrogen nucleus the nuclei occupy a little 
less than one third of the circumference of the 
circle). The radio signal decays away for several 
reasons; in the context of velocity mapping the most 
important of these is the loss of the phase coherence 
obtained during excitation. 

The phase loss occurs because the magnetic field 
experienced by each nucleus is slightly different, 
either owing to its different chemical environment or 
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to non-uniformities of the magnetic field or both. 
Because precession frequency is proportional to the 
field experienced by the nucleus, a range of pre- 
cession frequencies is generated. As some nuclei 
precess more slowly and others more quickly their 
phase spreads around the circle. 

Loss of phase can also be produced artificially by 
deliberately subjecting the sample to a non-uniform 
magnetic field. If the non-uniformity is generated by 
a gradient varying linearly from one side of the body 
to the other then phase will vary according to the 
position of the nucleus in space along the gradient. 
This property is used to generate the spatial resolu- 
tion, which in conjunction with computerised image 
reconstruction methods’3~ '* produces images. 

If phase has been disturbed by applying a gradient 
for a time, it may be restored by applying an equal 
and opposite gradient for an identical length of time. 
Nuclei whose precession was speeded up are now 
slowed down and vice versa. The precession of the 
nuclei returns to phase coherence, a phenomenon 
known as gradient refocusing. 

The equations used by the image reconstruction 
method of two dimensional Fourier trans- 
formation'> may be solved for the phase of the 
nuclei in any voxel. In magnetic resonance studies a 
slice of finite thickness is imaged, so that the image 
element has a height equal to the slice thickness and 
cross section equal to the pixel area. This three di- 
mensional image element is called a voxel. An mage 
in which each voxel has the value of the average 
phase within it is called a phase image. 

We can encode velocity as phase by super- 
imposing gradients on those used for imaging. If a 
gradient is put on in the direction in which velocity 
is to be measured (either perpendicular to the slice 
or in any direction within it), the nuclei in each voxel 
will receive a phase signature. If an equal and 
opposite gradient is then put on in this direction this 
phase signature will be lost by cancellation of the 
phase disturbance imposed by the first gradient. 

Cancellation will only occur if the nucleus 
remains in the same place in the gradient. If it is 
moving up the gradient, its first phase signature will 
be more than cancelled by the second, since by the 
time the second is applied the nuclei are experi- 
encing a stronger magnetic field. A negative phase 
will result. If it is moving down the gradient a 
positive phase will result. This resultant phase will 
be proportional to the velocity component in the 
direction of the gradient. 

For very high velocities, the over or under cancel- 
lation may be so great that the resultant phase differs 
by more than one revolution. Because phase is an 
angle, it may only uniquely lie within the range of a 
single revolution. Two velocities, one producing a 
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given phase angle and the other a phase angle equal 
to one or more revolutions plus the first are inter- 
preted as being identical. The size and duration of 
the velocity encoding gradients and the time be- 
tween them are thus chosen so that the maximum 
velocity encountered will give a phase angle which is 
less than one complete revolution. Since with bi- 
directional flow it is often necessary to consider high 
velocities in both directions, the maximum in one 
direction must not exceed half a revolution. (If it is 
known before acquisition that maximum forward 
velocity will be larger than maximum reverse veloc- 
ity, the gradients can be tailored so that the sum 
of phase angles from the maximum forward and 
reverse velocities is one complete revolution.) 

In practice, inhomogeneities of the main magnetic 
field produce artefacts on the phase map. This prob- 
lem is overcome by acquiring two images, one with 
velocity encoding gradients and the other without, 
and subtracting the two phase maps. 

A further refinement is necessary before velocity 
mapping is practical in large vessels. Where acceler- 
ations are large, a voxel will contain a wide range of 
different velocities, and therefore a large number of 
resultant phases after the flow encoding sequence. 
Because these are out of phase with each other there 
is signal loss. This problem is overcome by even 
echo rephasing which refocuses the range of phases 
in a manner similar to gradient refocusing.? Even so, 
gross turbulence within a voxel will still result in 
signal loss. 


Patients and methods 


A Picker International Vista 2055 magnetic reso- 
nance machine, operating at 0-5 'T' was used. Ten 
healthy volunteers without a history of cardiac 
disease were studied after they had given informed 
consent. Electrocardiographically gated velocity 
maps were obtained in the transverse plane by the 
field even echo rephasing sequence with gradient 
modification to encode velocity in the phase of the 
magnetic resonance signal (see principles of mag- 
netic resonance velocity mapping above). To com- 
pensate for inhomogencities of the magnetic field, a 
reference image without gradient modification was 
subtracted from the one with modification. Up to 12 
frames (depending on heart rate) were obtained at a 
level at which the ascending aorta was perpendicular 
to the transverse plane—that is the level of the right 
pulmonary artery. Views of both the ascending and 
the descending aorta were thus obtained in a single 
transverse section. The first frame corresponded to a 
point in the cycle 20 ms after the onset of the electro- 
cardiographic R wave; frames were obtained at 
50 ms intervals. 
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A 128 x 128 pixel image was sampled twice (im- 
proving the signal to noise ratio). Acquisition thus 
took about five minutes depending on heart rate. 
The field of view was 45 cm but the image was inter- 
polated in two dimensions during reconstruction, 
giving a voxel dimension of 1:8 x 1:8 x 10mm. 
Two dimensional Fourier transformation in which 
the magnitude and phase were calculated for each 
pixel was used as the method of image recon- 
struction. Masking of the phase reconstruction to 
show zero veolocity in pixels with a magnitude value 
of less than 10% of maximum reduced the random 
phase values caused by background noise. 

After acquisition, the velocity maps were trans- 
ferred to an off line computer system (Sperry Univac 
V77-600) for further processing. A window of 32 x 
32 pixels was selected and positioned such that the 
ascending aorta appeared centrally in the 220 ms 
frame. This window position was used for all images 
in the cycle, thus ensuring accurate registration of 
frames for cine display. These images were scaled so 
grey levels corresponded exactly on all of them. 
'They were then stored and displayed with a coarse 
grey scale of 12 levels to produce a pseudo- 
contouring effect.'® An identical process was used 
for descending aortic windows over the same 
velocity maps. 


Results 


Figure 2 shows a series of contoured velocity profiles 
at the indicated points of the cardiac cycle in the 
ascending aorta of a typical subject. Mid-grey 
signifies no flow, black flow out of the image plane, 
and white flow into the image plane. All the subjects 
studied showed qualitatively identical patterns 
throughout the cycle with the exception of one in 
whom the only difference was a peak diastolic 
reverse flow which was rotated towards the left side 
of the aorta by 90°. 

Ascending aortic flow maps showed the following 
features: (a) plug flow occurred during most of 
systole. (Plug flow is the smooth flow of an inviscid 
fluid with a velocity profile which is uniform across 
the vessel. Instead of flow being slow near the edges 
of the pipe and rapid in the middle, a quasi-solid 
“plug” of fluid moves down the pipe.) The velocity 
profile was skewed towards the posterior left wall of 
the vessel; (b) during diastole, flow continued rap- 
idly forward at the anterior right wall while simulta- 
neously moving rapidly backwards at the posterior 
left wall; (c) flow never became turbulent. In fig 3 
the data of fig 2 are redisplayed as a perspective three 
dimensional plot. This eases interpretation, but it 
requires considerable image processing. The spatial 
localisation of peak velocities (mean (SD)) in the 
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Fig2 A series of pseudocontoured velocity maps oj the ascending aorta in a healthy volunteer. Each grey level corresponds to a range of fio 
velocities. Mid-grey signifies no flow, black flow out of the image plane, and white flow into the image plane. The times for each frame are 
indicated by the accompanying electrocardiogram trace, and the orientation is as shown. Note the skewing of the velocity during rapid 
ejection (a), the start of flow reversal (b) at 220 ms (well before aortic valve closure), the dominance of the reverse flow channel while 
forward flow continues at the anterolateral wall at 370 ms (c), and the cessation of reverse flow at 570 ms (d). Note that all the veloci 

in (d) are either zero or in the forward direction. 
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Fig3 Two-dimensional velocity profiles shown in fig 2 redisplayed as three-dimensional surfaces. Velocity is plotted 


vertically to the indicated scale. 


ascending aorta in the ten subjects was 129" (14) for 
the systolic forward flow axis —89° (20) for the 
diastolic forward flow axis, and 122° (15) for the 
diastolic reverse flow axis. 

The descending aortic flow maps were broadly 
similar to those of the ascending aorta. The im- 
portant differences were that: (a) plug flow occurred, 
but the velocity profile has lost its skewness at this 
level; (6) flow reversed at the right wall of the vessel 
during diastole in all but two subjects. 


Discussion 


The ability to study two-dimensional velocity 
profiles non-invasively makes it possible to study 
complex flow phenomena without the disturbances 
that may be induced by more invasive methods. 


FLOW PATTERNS 

All the subjects showed qualitatively identical flow 
patterns in systole. There was also excellent corre- 
spondence of flow patterns in diastole, with a single 
exception. In this one case diastolic reverse flow 
occurred anteriorly rather than posteriorly towards 
the left wall of the ascending aorta. 

Ascending aortic blood shows both forward and 
reverse flow during diastole. The total reverse flow is 
too great for all of it to pass into the coronary ostia; 
rather it seems that a circulation is set up around the 
sinus of Valsalva, with a proportion of the re- 
circulating blood flowing into the coronary arteries. 


At the imaged level in the descending aorta there is 
a little reverse flow when the pressure upstream 
falls. In two subjects, reverse flow in the descending 
aorta was not seen, implying that the leading edge of 
the recirculating flow occurred near the imaged 
plane (that is high in the descending aorta). 

The skewness of the velocity profile and its axis of 
symmetry (which lies in the plane of the aortic arch) 
has implications for the accuracy of aortic blood flow 
as calculated by range gated Doppler ultrasound. 
Skewness makes methods of interpreting flow at a 
single point in the aorta as mean flow vulnerable to 
error. Wéighted average methods assuming semi- 
circular symmetry for velocities obtained along an 
axis! ^ wil! depend critically on the choice of that 
axis. Since the axis and velocity peaks do not remain 
stationary within the aorta, the errors in flow esti- 
mates will vary with the point in the cardiac cycle. 

The reverse flow occurring during late systole and 
throughout most of diastole can also affect the echo- 
cardiographic findings. If the ultrasound beam is 
directed to detect flow near the posteromedial aortic 
wall, abnormally short ejection phases can be 
found!” and the estimates of flow will be inaccurate. 

All the above features of ascending and de- 
scending aortic velocity profiles accord with those 
found in animals by invasive methods, such as oil 
droplet injection," and hot-film anemometry,* * '* 
and with ultrasound findings.'? They also accord 
with ultrasound work in man.' ? ^ The restriction of 
axes to anteroposterior and right-left in some 
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anemometer* and ultrasound’? work masks the true 
axis of skew as revealed by the two-dimensional 
magnetic resonance velocity maps. 

The flow patterns obtained resemble those ob- 
tained by Paulsen and Hasenkam in the ascending 
aorta in dogs 5cm above the aortic valve.? They 
showed that the two-dimensional velocity profiles 
changed considerably from a level 2cm above the 
valve to a level 5 cm above it. Thus when studies are 
compared the levels must correspond. The reference 
plane in this study is that of the right pulmonary 
artery, which is a little more than 5cm from the 
centre of the aortic valve.?° 

The phenomena occurring as blood is ejected into 
the aorta are complex. The viscous properties of 
blood, the pulsatility of the flow, the elasticity of the 
aorta, the propagation and reflection of the shock 
waves generated during ventricular contraction, the 
entrance region effects, and flow into vessels arising 
from the aorta must all be taken into account?! when 
theories are proposed to account for the observed 
phenomena. 

One consistent finding in this and the other 
studies?? has been skewing of the systolic velocity 
profile towards the posterior wall of the ascending 
aorta during systole. The velocities are fastest where 
the radius of curvature is least. This finding 
disagrees with the theoretical predictions of 
McDonald.? Seed and Wood have provided a 
simple model of flow of an inviscid fluid in a curved 
pipe,^ which suggests that velocities are inversely 
proportional to the radius of curvature—that is 
faster velocities occur near the wall on the inside of 
the curve. In our study the gradient of the systolic 
profile reached a maximum in the plane of the aortic 
arch, which is consistent with the theory of Seed and 
Wood. 

In these normal subjects, there was no turbulent 
flow. Anything more than minimal turbulence 
would show as signal loss not correctable by even 
echo rephasing. Some have reported turbulence,? ?* 
particularly when anemometry has been used in 
smaller animals, or they have surmised that it 
occurs.?5 This may be because the presence of the 
anemometer probe in the aortic lumen disturbs flow 
tbat is already at the limits of its stability as non- 
turbulent flow. Some have commented on signs of 
instability or streamlines stopping short of fully 
developed turbulence because of the short duration 
of very rapid flow.? 

Simultaneous forward and reverse flow can occur 
in a single channel in a vessel without causing tur- 
bulence, provided that the shearing forces are not 
too great and no other generator of turbulence, such 
as a stenotic valve, is present. This may be appre- 
ciated by considering ripples on the surface of water. 
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At any instant there are peaks and troughs. If a 
velocity map were to be acquired in the plane of the 
surface of the water, recording velocities into and 
out of the plane, there would be some areas of 
upward velocity and adjacent areas of downward 
velocity, bounded by lines of zero velocity. 
Turbulent flow is not occurring in these ripples even 
though bidirectional flow would be seen on the 
velocity map. 


MAGNETIC RESONANCE VELOCITY MAPPING 
Magnetic resonance velocity mapping has great 
advantages over other methods for the study of flow 
patterns. Oil droplet injection and hot film 
anemometry are invasive and time-consuming. 
They are not suited to routine clinical use. By use of 
a special mounting apparatus, hot film anemometry 
can be adapted to the measurement of two- 
dimensional velocity profiles in animals. Its 
technical limitations make it unsuitable for the study 
of the boundary layer. 

Pulsed Doppler echocardiography can be used to 
provide velocity profiles in large vessels in both ani- 
mals and in man. It has the advantage of being non- 
invasive, but its velocity profiles must be 
one-dimensional if a sufficient number of velocity 
levels are to be resolved. It is possible to obtain two- 
dimensional echocardiographic velocity profiles?® 
but with only a few steps of velocity,?” which is 
insufficient for the generation of enough flow con- 
tour levels. Pulsed Doppler methods also suffer from 
aliasing at high velocities.?? Movement of the aortic 
wall into and out of the sample volume makes it very 
difficult to study the boundary layer, though track- 
ing methods may partially eliminate artefact from 
this cause. 

Magnetic resonance velocity mapping has the 
advantages of being non-invasive, intrinsically two- 
dimensional, and has very high resolution of veloc- 
ity. Comparisons of cardiac output derived from 
chamber volume estimates?? and those measured by 
summation of aortic velocities in all frames show 
agreement to within 7%. The use of the field even 
echo repbasing sequence to avoid signal loss permits 
its use in both the ascending and the descending 
aorta as well as in other vessels of clinical im- 
portance. Up to 12 frames per cycle may be pro- 
duced in short acquisition times and access to some 
vessels is not limited as it is with echocardiography. 
Because it does not depend on range gating, it is not 
limited by movement of the aortic wall from frame 
to frame, making it suitable in principle for the study 
of the boundary layer. 

Although the present study used a resolution (be- 
fore interpolation) giving a pixel size greater than 
the size of the boundary layer, higher resolution is 
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not difficult to achieve. The close-packed contours 
of fig 2 confirm what has been suspected from hot 
film anemometry—that is that the boundary layer is 
thin (1-2zmm), and that shear rates in it are 
extremely high. 

Velocity mapping is suitable for use in small 
vessels where the lower accelerations make velocity 
easier to measure. Maps have been obtained in 
carotid arteries, vertebral arteries, and jugular 
veins,’ and in femoral arteries and veins.?? 


DISPLAY SYSTEM 

The use of a pseudocontoured display! has advan- 
tages ovér the use of contour lines, especially when 
cine displays are used. 'T'his is because the effect of 
having far fewer grey scale levels than pixel values 
forces whole ranges of pixel values to be displayed as 
a single shade of grey. Each shade of grey thus 
signifies a specific velocity range. 

The use of a restricted number of grey levels does 
not overload the visual system, thereby simplifying 
interpretation. By adjustment of window width and 
level (analogous to contrast and brightness), the con- 
tours can be made to move over the velocity profile 
giving considerable information about its three- 
dimensional structure. With training it is possible to 
visualise this structure very clearly and quickly. 

As well as its information content, this type of 
display does not require image processing. It is 
produced very simply and rapidly by switching the 
display monitor to a coarse grey scale. While the 
quasi-three-dimensional displays of fig 3 may be 
easier to comprehend without training, their routine 
production requires considerable computing power 
and time. 


Conclusion 


Magnetic resonance velocity mapping is a non- 
invasive method that provides accurate two- 
dimensional velocity maps anywhere in the 
cardiovascular system. Its application to the 
ascending and descending aorta clearly defines 
consistent normal flow patterns and the non- 
turbulent nature of the flow. Its application to the 
study of the boundary layer, and to the modification 
of flow patterns in the presence of atheroma in 
smaller vessels will be of help both in diagnosis and 
in contributing to our understanding of the 
pathophysiology of cardiovascular disease. 
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Value of the resting 12 lead electrocardiogram and 
vectorcardiogram for locating the accessory pathway 
in patients with the Wolff-Parkinson-White 
syndrome 
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GORDON K DANIELSON,t HAROLD T MANKIN,* MICHAEL J OSBORN,* 
BERNARD J GERSH,* DAVID R HOLMES JR* 


From the * Division of Cardiovascular Diseases and Internal Medicine and the t Section of Thoracic and 
Cardiovascular Surgery, Mayo Climc and Mayo Foundation, Rochester, Minnesota, USA 


SUMMARY The resting 12 lead electrocardiogram and vectorcardiogram were reviewed in 47 
patients with the Wolff-Parkinson-White syndrome (a) who had pre-excitation on the resting 12 
lead electrocardiogram, (6) who had a single anterograde conducting accessory pathway assessed 
and located during preoperative electrophysiological study and during epicardial mapping at 
operation, and (c) in whom surgical division of the accessory pathway resulted in loss of pre- 
excitation. The site of the accessory pathway established during operation was compared with 
that established by evaluating the polarity of the delta wave and QRS complex on the resting 12 
lead electrocardiogram. The electrocardiogram was assessed by the Rosenbaum criteria 
(Wolff-Parkinson-White type A, left-sided pathway; or type B, right-sided pathway), the Gal- 
lagher criteria (atrial pacing resulting in maximal pre-excitation), and the World Health 
Organisation criteria (a composite of previous studies). The Gallagher and World Health 
Organisation criteria were derived from patients demonstrating maximal pre-excitation that often 
required atrial pacing. The present study was designed to determine whether these criteria could 
be accurately applied to the resting 12 lead electrocardiogram on which the degree of 
pre-excitation was variable. The Rosenbaum criteria correctly identified a left sided accessory 
pathway in 26 of 34 patients and a right-sided accessory pathway in nine of 13 patients. The 
Gallagher and World Health Organisation criteria correctly identified the location in only 15 
(32%) of the 47 patients. The resting vectorcardiogram was inaccurate for locating the accessory 
pathway. 

Although published criteria are useful for identifying the site of the accessory pathway from an 
electrocardiogram ‘obtained when rapid atrial pacing is being used to achieve maximal 
pre-excitation, they are not suitable for identifying the exact site of an accessory pathway from the 
resting 12 lead electrocardiogram. 


QRS complex, referred to as a delta wave.* The PR 


The electrocardiogram from patients with the 
Wolff-Parkinson-White syndrome! ? classically 
demonstrates a short PR interval, a broad QRS com- 
plex, and typical slurring of the initial portion of the 
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interval and the width of the QRS complex, or 
degree of pre-excitation, may vary? ? depending on 
the location of the accessory pathway; the intra- 
atrial, atrioventricular node, His-Purkinje, and 
accessory pathway conduction times; autonomic 
tone; and cardioactive medications.77*5 These 
factors may result in a spectrum of findings, includ- 
ing no apparent pre-excitation, varying degrees of 
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Locating the accessory pathway 


pre-excitation, or maximal pre-excitation, on the 
resting 12 lead electrocardiogram in patients with 
the Wolff-Parkinson-White syndrome. 

Before electrophysiological testing, knowledge of 
the location of an accessory pathway is useful 
because it may be important initial evidence of 
multiple accessory pathways, especially in patients 
who have one pathway that conducts only in the 
anterograde direction and accounts for the delta 
wave and a second pathway that conducts only in the 
retrograde direction and participates in reentrant 
tachycardia (concealed accessory pathway).® Crite- 
ria for locating the accessory pathway from the 12 
lead electrocardiogram have been published.! ^? 
These criteria?? were derived from electrocardio- 
grams demonstrating maximal pre-excitation. This 
often requires rapid atrial pacing. The use of such 
criteria to determine accurately the location of the 
accessory pathway from the resting electrocardio- 
gram has not previously been assessed and forms the 
basis for this study. 


Patients and methods 


PATIENTS 

Between 1976 and 1985, 47 patients (32 male and 15 
female) with the Wolff-Parkinson-White syndrome 
met the following criteria for entry into this study: 
(a) presence of a delta wave on the resting 12 lead 
electrocardiogram; (b) presence of a single 
anterograde conducting accessory pathway found at 
preoperative — electrophysiological study and 
confirmed by epicardial mapping during operation; 
and (c) loss of pre-excitation after surgical division 
of the accessory pathway. The mean age of the 
patents was 28 years (range 7—65 years) Eight 
patients had associated cardiac disorders: dilated 
cardiomyopathy and left lateral accessory pathway 
in one, atrial septal defect and left paraseptal acces- 
sory pathway in one, and Ebstein's anoinaly with a 
right-sided accessory pathway in six. Four patients 
had hypertension. 


ELECTROCARDIOGRAM 

The resting 12 lead electrocardiogram was recorded 
at 25 mm/s and a gain of 10mm/mV. All patients 
were in sinus rhythm, and the mean heart rate was 
71 beats/min (range 47-113 beats/min). If multiple 
electrocardiograms were obtained from a patient, 
the one demonstrating the most pre-excitation was 
chosen for analysis. All recordings were analysed by 
two of us. The delta wave polarity was recorded as 
being positive, negative, or isoelectrical during the 
first 40ms of the beginning of the QRS complex 
(positive, most or all of the initial slurring with a 
positive deflection; negative, most or all of the initial 
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slurring with a negative deflection; and isoelectrical, 
no slurring of the initial part of the QRS or an initial 
downward or upward deflection followed by a 
reversed deflection to the baseline during the first 
40 ms of the QRS complex). 

In 32 patients, three simultaneous channels of the 
electrocardiogram were recorded. These were 
grouped as follows: I, II, and III; aVR, aVL, and 
aVF; V1, V2, and V3; and V4, V5, and V6. In these 
patients the onset of the delta wave was determined 
as the time when the initial deflection was observed 
in one of the three simultaneously recorded leads. In 
the 15 remaining patients, the recordings were not 
simultaneous, and the delta wave was analysed inde- 
pendently in each lead. 


VECTORCARDIOGRAM 

'The vectorcardiogram was obtained simultaneously 
with the 12 lead electrocardiogram in each patient. 
Computer analysis allowed for determination of the 
vector direction at 10, 20, 30, and 40 ms, with a mean 
vector at 20 ms (R30). 


ELECTROPHYSIOLOGICAL EVALUATION AND 
EPICARDIAL MAPPING 

Each patient had electrophysiological testing with 
methods that have previously been reported." ? 
Left-sided accessory pathways were located by 
means of recordings of left atrial and left ventricular 
electrograms from an clectrode catheter placed in 
the coronary sinus, and right-sided accessory path- 
ways were located by a mapping electrode catheter 
during ventricular pacing and reciprocating tachy- 
cardia.? Epicardial mapping was performed at the 
time of operation®~ !? in all patients. The ventricular 
epicardial activation sequences were recorded dur- 


Left 


Right 
Lateral 


Lateral 





Posterior 


Postenor 
Paraseptal/Septal 


Figl Schematic drawing at the level of the mitral and 
tricuspid valves, demonstrating epicardial locations during 
intraoperative electrophysiological mapping ( C-G, L-P.) to 
locate accessory atrioventricular pathway. ( By permission of 
the Mayo Foundation.) 
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Table 1 World Health Organisation task force criteria for 
locating the accessory atrioventricular pathway by the resting 
12 lead electrocardiogram 


Condition statements 
Delta wave (initial QRS) positive in I 


(S2) Delta wave positive m Vi 

Sa Delta wave negative in VI 

(S4 Delta wave isociectrical in V1 
ies Q or QS waves in I arid V6 
S6) Qor S waves in III and aVF 
(S7) in QRS positive in III 


(S8 Mam QRS negative m III 

(S9) Mam QRS pontive in V] 

Main QRS negative in V1 

Delta wave positive in II and aVF and postuve or 
isoelectrical m III 

Delta wave negative in II, III, aVF 

Delta wave positive from V2 until V6 

Delta wave negative or 1soelectrical in V6 

QRS configuration rS in V1 and Rs in V2 


Criterion for anterior ri 
S1 and S4 and S8 S10 

Criterion for posterior t ventricular pre-excitation. 
S3 and S6 and S8 and S10 

Criterion for posterior left ventricular 
S1 and S2 and S6 and S8 and S9 S14 

Criterion for lateral left ventricular pre-excitauon: 
S2 and S5 and 87 and S14 

Criterion for anterior paraseptal pre-excitation: 
S1 and S4 and S11 

Criterion for posterior paraseptal pre-excitation: 

- S1 and 812 and $13 and $15 


ventricular pre-excitation: 





From Willems et ai? by permission of the American College of 
Cardiology. 


ing sinus rhythm and atrial pacing from a site close 
to the accessory pathway. Atrial activation was 
determined during ventricular pacing and recip- 
rocating tachycardia in all patients. The site of the 
accessory pathway was classified as: left lateral, left 
posterior, posterior paraseptal/septal, right poste- 
rior, and right lateral (fig 1). 

The surgical approach to division of the accessory 
pathway has been described elsewhere.?!? In all 
patients division of the accessory pathway at the site 
corresponding to the earliest epicardial activation 

.resulted in disappearance of pre-excitation. This 
was demonstrated by the surface electrocardiogram, 
the absence of pre-excitation during incremental 
atrial pacing, and the presence of type 1 second 
degree atrioventricular block during atrial pacing. 


PUBLISHED CRITERIA FOR LOCATING THE 
ACCESSORY PATHWAY 

In all patients the preoperative resting electrocardio- 
gram was compared with the following criteria: (a) 
Rosenbaum criteria! (Wolff-Parkinson-White type 
A, in which there is a predominantly positive QRS 
complex in V1 and V2, and Wolff-Parkinson-White 
type B, in which there is a predominantly negative 
QRS complex in V1 and V2; (b) Gallagher criteria? 
(delta wave polarity, as recorded during rapid atrial 
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$ * Initio] 40 madelta wave isoelectric 
+t initial 40 ma delto wave positive 
- * intal 40 midetta wave negative 


Fig 2  Blectrocardiographic classificanon of 
Wolff-Parkinson-White syndrome as defined by Gallagher 
et al.? Ten representative sites are depicted on a cross section 
of ventricles az level of atrioventricular rings. Expected 
polarity of deita waves resulting from pre-excitation at these 
sites is indicated for each of the 12 standard leads, based on 
analysis of mean initial forces (40 ms) of ventricular 
depolarisation. (From Gallagher et al.? By permission of 
Grune and Stratton.) 


pacing resulting in maximal pre-excitation during 
the electrophysiological study (fig 2)); and (c) World 
Health Organisation criteria,’ which are a composite 
of previous criteria (table 1). We did not require 
complete cancordance between all of the criteria for 
identification of the site of a pathway: with the Gal- 
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Table 2 Delta wave polarity on the resting 12 lead electrocardiogram in patients with left lateral or left posterior accessory pathways 





Concordance of 
Lead* centenat 
roak ee eee coer 
Accessory pathway locanon Panem I H WE R L F Vi V2 V3 V4 VS V6 +! Gallagher? WHO? 
Left lateral, QRS > 120 ms 1 + + + tr X ks + + + + + Ë A Y N 
2 t + + + iE + + + + + c t A N Y 
3 +- —- = + - + + + + + t A N N 
4 t + + = —- + + + + + c + B N N 
5 +o + + — £ + + + + + + + A N N 
6 + + + = £ + + + + 4 + + B N N 
7 + + f — t t + + + + t kt A Y N 
8 — + + i — + + + + + c t A N Y 
Left lateral, QRS «120 ms 1 t + + + tf tf + + + + t t B Y N 
2 — + + = = + + + + + c t£ A N Y 
3 Eoo a LEa e ike cE doo dE sb bo X B N N 
4 + + + tio -~ + + + + + c £t A N Y 
5 + + + kk -— + + + ko + + H B N N 
6 Xo + + -= = + + + + + + + A N N 
7 =a o E o geo bo Ea E Col A Y Y 
8 t+ + + ki kt + i + ti + tf t A N N 
9 + + + > £ + + + + + + + A N N 
10 + + - —- + t t t + + 4 t A N o N 
4 
Left posterior, QRS > 120 ms 1 t + + + + i + + + + t t A N N 
2 t + + — £ + + + + + + + A N N 
3 + + to + t tif + + + + ti -— A N Y 
4 + t + - t t + + + + 4 + A N N 
5 + t -—- - + t + + + + + c A N Y 
6 + + — — + £ ts + + + + t A N N 
7 t+ + + = + + + + + 4+4 + + A N N 
Left posterior, QRS «120 ms 1 — + + to ~ + + + + + t t B N N 
ped 2 to + +4 OC £ + + + + + + t A N N 
3 CE BS Vu SES EO E ES GEB cbe Be SR oE A N N 
4 - + + ti =- + + + + + c £ A N N 
5 + - — — + = £ + + + + Er A Y N 
6 qo ch cU GE cho a a, opp ox B N N 





* +, positive delta wave; —, negative delta wave, +, isoelectric delta wave 
fWPW, Wolff-Parkinson-White syndrome. 
IN, no (criteria did not identify location of pathway); Y, yes (criteria did 1dentify location of pathway). 


Table3 Usefulness of established criteria to locate the accessory pathway by the resting 12 lead electrocardiogram in patients mith the 
BV olff-Parkinson-Whate syndrome 











Gallagher criteria? World Health Orgamsation criteria? 

Rosenbaum —————— E 
criteria’ Location Location 
(type of correctly correctly 
WPW* and ù 7 

fecessory pathway No of No of (No of Best Worst (No of Bast Worst 

«cation patients patients) patients) — correlationst correlatwnsi patients) — correlarionst correlations] 

„cft lateral 18 A, 13 4 +V1 to V4 +11, II, F 5 +V1, +V6 QQS: ve 
B,5 +V6 —N6, + —V5 +QRSm —V6 

„eft posterior 13 À; 11 1 +V1 to V5 —I1, III, F, 2 +V1 —V6, +1 
B,2 +1, L 

—V6 +QRSy, —QRSm 
Josterior 9 Left 2 Left 
septal À,2 4ALL,VItoV5 +V6, -R 
B,1 —ILIILF 2 —IL 11, F +V2 to V6 
Right 3 Right +I rSvi, RSyz 
A, 3 +1, L, V2to V5 +V1 
B, 3 —IL 1, F 
might posterior 3 A, 1 3 +1,L,V3toV6 +V2 3 Q-QSm, r -V1 
B,2 ŁV1 
—ILIILE,R —QRSm, vi 
ight lateral 4 B, 4 2 +I, L, V4to V6 +(-)H 3 —QRSm, vi ivi 
—-ILER XVI to V2 +1 

~, positive delta wave; 

-, negative delta wave; 

-, isoelectric delta wave; 


“WPW, Wolff-Parkinson-White syndrome. 


>60% of electrocardiograms had these findings. 
« 4094 of electrocardiograms had these findings. 
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Table 4 Vector direction at 10, 20, 30, and 40 ms on ihe resting vectorcardiogram in patients with left lateral or left posterior accessory 


pathways 


Frontal* 
20 


10 





Patent 
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TN, no (criteria did not identify location of pathway); Y, yes (criteria did identify location of pathway). 


* +, positive delta wave; —, negative delta wave; +, isoelectric delta wave. 


TWPW, Wolff-Parkinson- White syndrome 


Right lateral, QRS < 120 ms 
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Kable 6 Vector direction at 10, 20, 30, and 40 ms on the resting vectorcardiogram in patients with posterior paraseptal, right posterior, 


«r right lateral accessory pathways 











Frontal Sagitral Horizontal 
4ccessory pathway location Panent 10 20 30 R30 40 10 20 30 R30 40 10 20 30 R30 40 
eft posterior paraseptal, 1 Le Doky, Tes S S S S S A A A A A 
QRS » 120 ms 2 R L L L L I I I I S P P P P P 
3 Lo GL. BE L NA NA NA NA NA A A A A A 
"OR pora paraseptal, 1 L L L L L I I S S S A A A A A 
RS »120 ms 2 LE L be b N N S S S A A A A A 
3 R L L LL S S S S S A A P A P 
4 by 1 L. L. L NA NA NA NA NA A A P A A 
5 LL SE kL NA NA NA NA NA P P P P P 
6 L- Lobo —L-CE I S S S S A A P P P 
ught posterior, QRS >120ms I L. L "E.L. LE — — S S S A A A A P 
2 L. Lk L LE. E NA NA NA NA NA P N A A A 
Right posterior, QRS <120ms 1 R L E- L- L NA NA NA NA NA A A A A A 
ght lateral, QRS > 120 ms 1 R R L R L N S S S S A A A A A 
2 LOL dX Be L I I I I I A P P P P 
- 3 
E 
Might lateral, QRS «120 ms 1 Lo LL. L- -L S S S S S A P A A A 





The vector was not obtained for this patient. 


left; R, night, I, inferior; S, superior, NA, not available, N, neutral; A, anterior, P, posterior; R20, mean vector of first 30 ms. 


lagher criteria an accessory pathway location was 
correctly identified by the 12 lead electrocardiogram 
rf the polarity of the delta wave in at least nine of the 
12 leads conformed with the published criteria (fig 
2); and for the World Health Organisation criteria? 
an accessory pathway location was correctly 
identified by the 12 lead electrocardiogram 1f all of 
the criteria (table 1) except one were correct. 


Results 


LEFT LATERAL ACCESSORY PATHWAY 
Type A Wolff-Parkinson-White syndrome was 
present in 13 of the 18 patients (table 2). The path- 
way location was correctly identified by the Gal- 
lagher criteria? in four of the patients and by the 
World Health Organisation criteria? in five (table 3). 
'The vector for R30 (table 4) was anterior in all 18 
patients, oriented to the left in 13 of the patients, and 
inferior in 10 of the 12 patients for whom such infor- 
mation was available. 


LEFT POSTERIOR ACCESSORY PATHWAY 

Type A Wolff-Parkinson-White syndrome was 
present in 11 of the 13 patients (table 2). The 
pathway location was correctly identified by the 
Gallagher criteria? in one patient and by the World 
Health Organisation criteria? in two (table 3). 

The vector for R30 (table 4) was anterior in all 
patients, oriented to the left in nine of the 13 
patients, and inferior in seven of the nine patients 
for whom such information was available. 


POSTERIOR PARASEPTAL ACCESSORY PATHWAY 
(TABLE 5) 

Type A Wolff-Parkinson-White syndrome was 
present in two of the three patients with a left poste- 
rior paraseptal accessory pathway and three of the 
six with a right posterior paraseptal accessory path- 
way. The pathway location was correctly identified 
by the Gallagher criteria? in five of the nine patients 
and by the World Health Organisation criteria? in 
two (table 3). 

The vector for R30 (table 6) was anterior in six of 
the nine patients, oriented to the left in all nine 
patients, and superior in five of the six patients for 
whom such information was available. 


RIGHT POSTERIOR ACCESSORY PATHWAY 
(TABLE 5) 

Type B Wolff-Parkinson-White syndrome was 
present in two of the three patients. All three 
patients had the pathway location correctly 
identified by the Gallagher criteria? and the World 
Health Organisation criteria? (table 3). 

The vector for R30 (table 6) was anterior in all 
three patients, oriented to the left in all three 
patients, and superior in the one patient for whom 
such information was available. 


RIGHT LATERAL ACCESSORY PATHWAY 

(TABLE 5) 

Type B Wolff-Parkinson-White syndrome was 
present in all four patients. The pathway location 
was correctly identified by the Gallagher criteria? in 
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two of the four patients and by the World Health 
Organisation criteria? in three (table 3). 

The vector for R30 (table 6) was anterior in two of 
the patients, oriented to the left in two of the 
patients, and superior in two of the patients. A 
vector was not obtained in the fourth patient. 


Discussion 


The concept that pre-excitation in Wolff- 
Parkinson-White syndrome was the result of con- 
duction over an accessory atrioventricular pathway 
remained speculative until 1967 when Durrer and 
Roos provided evidence for atrioventricular conduc- 
tion over an accessory pathway by epicardial map- 
ping of the heart.‘ Work by Burchell et alt? and 
Boineau and Moore!? further substantiated this 
belief, and in 1968, Cobb et al'* and Sealy et ali? 
were the first to divide an accessory pathway suc- 
cessfully. Because the Wolff-Parkinson-White syn- 
drome can be cured by surgical ablation the ability 
to locate the site of pre-excitation has become of 
great importance. 

Electrocardiography and vectorcardiography!6~ 18 
have remained the two most widely used methods to 
predict the location of the accessory pathway. 
Recently, echocardiography,’® body surface 
mapping,?°?! phase imaging," and the moving 
dipole?? have also been used in an attempt to locate 
the site of an accessory pathway. 


TYPE A AND TYPE B WOLFF-PARKINSON-WHITE 
SYNDROME 

The classification by Rosenbaum et al! of 
Wolff-Parkinson-White syndrome into type A or 
type B has stood the test of time because of its 
simplicity. Type A was believed to be due to left 
posterobasal pre-excitation, and type B to right 
lateral pre-excitation.?* The Rosenbaum criteria 
correctly identified a left-sided accessory pathway in 
76% of our patients and a right-sided accessory 
pathway in 69% of our patients. This classification, 
however, does not help to separate free wall and 
paraseptal/septal locations. 


VECTORCARDIOGRAPHY IN 
WOLFF-PARKINSON-WHITE SYNDROME 
Vectorcardiógraphy has also been used to locate the 
accessory pathway. In this study it did not accu- 
rately identify the location of the accessory pathway 
because (a) the vector was anterior in most (89%) of 
the patients; (b) the vector was to the left in 71% of 
the patients with a left free wall accessory pathway, 
in all patients with a posterior paraseptal accessory 
pathway, and in 83% of the patients with a right 
posterior or right lateral accessory pathway; and (c) 
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the vector was inferior in.81% of the patients with a 
left free wall accessory pathway, superior in 83% of 
the patients with a posterior paraseptal accessory 
pathway, and superior in 75% of the patients with a 
right free wall accessory pathway. 

These findings do not support a previous study 
that suggested a vector directed anteriorly and to the 
right indicated a left lateral accessory pathway and a 
vector directed to the left and anteriorly indicated a 
paraseptal accessory pathway.?5 The suggestion in 
another study that a left lateral accessory pathway 
had a 10 ms vector directed inferiorly and a 20 ms 
vector directed to the right? was not confirmed by 
our study. 


ELECTROCARDIOGRAPHY AND EPICARDIAL 
MAPPING CORRELATIONS 

Epicardial mapping during operation provides an' 
opportunity for a comparison with the results of the 
non-invasive determination of accessory pathway 
location. Bcineau et al, Frank, and Gallagher et al, 
using 12 lead electrocardiography,??? 29 and Tonkin 
et al, using vectorcardiography,^* provided the first 
correlations. However, criteria for locating the 
accessory pathway from the 12 lead electrocardio- 
gram based on the delta wave polarity were not 
adopted until the important article by Gallagher et 
al.” Their review provided information relating the 
delta wave polarity in the 12 standard leads obtained 
during rapid atrial pacing (resulting in maximal pre- 
excitation) to the accessory pathway location deter- 
mined by epicardial mapping during operation for 
10 different accessory pathway locations. They sug- 
gested that their results should be applied to patients 
in whom the QRS complexes were more than 
140 ms. 

Recently, the World Health Organisation? devel- 
oped a classification of accessory pathway location 
according to the 12 lead electrocardiogram from a 
composite of previous studies! ?5?? and suggested 
six sets of criteria for accessory pathway location. 
Because oi fusion caused by conduction over the 
atrioventricular node and the accessory pathway, 
they found that pre-excitation and the width of the 
QRS complex may vary but they did not strictly 
limit the classification to a certain QRS width. From 
a practical standpoint, patients with the 
Wolff-Parkinson-White syndrome who clearly have 
pre-excitation on the resting 12 lead electrocardio- 
gram often have a QRS width of less than 120 ms. In 
our series, 18 of the 47 patients had a QRS width of 
less than 120 ms and only 10 had a QRS of 140 ms or 
more. 

The previously reported criteria?? were devel- 
oped and are useful for identifying the accessory 
pathway location from an electrocardiogram 
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obtained during maximal pre-excitation, which 
often requires atrial pacing. Our study shows that 
the previously reported criteria for accessory path- 
way location cannot be applied accurately to the 
resting 12 lead electrocardiogram. Only 32% of the 
patients in our series showed concordance with the 
Gallagher and World Health Organisation criteria. 
Both sets of criteria were inaccurate for left free wall 
and posterior paraseptal pathway locations. The 
results obtained in patients with a QRS width of 
more than 120 ms were not different from those in 
patients with a width of less than 120 ms. 

The results in our study differ from previous 
criteria? ? as follows: (a) a negative delta wave or a Q 
wave in V6 rarely occurs and should not be consid- 
ered necessary for locating a left lateral or left poste- 
rior accessory pathway? ? ?? 28; (b) inferior leads II, 
III, and aVF often have a positive delta wave in the 
left lateral and left posterior accessory pathway?? ?5; 
(c) a negative QRS complex in leads V1 and III does 
not permit right lateral and right posterior accessory 
pathways to be discriminated; and (c) the combina- 
tion of a positive QRS complex in lead V1 and a 
negative QRS complex in lead III rarely occurs with 
a left posterior accessory pathway. 

The limitations of our study are as follows: (a) in 
15 of the 47 patients the delta wave was not analysed 
simultaneously in any lead, but great care was taken 
to analyse the first 40 ms of ventricular activation in 
each lead; and (b) the number of right-sided 
accessory pathways was small and no patients with 
anterior septal pathways were evaluated. 


Clinical implications 


The resting 12 lead electrocardiogram is not helpful 
for identifying the precise location of an accessory 
pathway by published criteria. If such information 
is required, detailed electrophysiological testing 
should be performed. 
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Electrophysiological action of bepridil on 
atrioventricular accessory pathways 
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SUMMARY The electrophysiologic properties of bepridil, a calcium channel blocker with addi- 
tional effects on fast response tissues, were investigated in 10 patients with atrioventricular acces- 
sory pathways. Seven patients had Wolff-Parkinson-White syndrome, and three had concealed 
atrioventricular pre-excitation. A dose of 4mg/kg was administered intravenously over five 
minutes. Bepridil increased the AH interval and the functional refractory period of the atrio- 
ventricular node. The effective refractory periods of the right atrium and right ventricle were also 
increased. Bepridil prolonged refractoriness in the accessory pathway both in the anterograde and 
retrograde direction. After bepridil administration it was impossible to induce reciprocating 
tachycardia electrically in two patients because of conduction block in the normal pathway. On 
the other hand, the zone of tachycardia was often increased after bepridil. Nevertheless, the heart 
rate during tachycardia was slowed by depression of conduction in both the normal and accessory 
pathways. 

The findings of this study provide a basis for the antiarrhythmic action of bepridil in patients 


with atrioventricular accessory pathways. 


Bepridil, which was initially developed as an anti- 
anginal drug,! ? has been shown to have electro- 
physiological effects on the heart. As a calcium 
antagonist the compound depresses slow responses 
in the sinus node and the atrioventricular node.* In 
vitro studies, however, have also shown that bepridil 
has class I antiarrhythmic activity and reduces the 
maximum rate of depolarisation in fast response tis- 
sues (myocardium, Purkinje fibres).? These findings 
are consistent with the widespread electro- 
physiological changes induced in the human heart 
by bepridil.©~!° Preliminary reports have under- 
lined the value of bepridil in the treatment of cardiac 
arrhythmias.!! !$ The present study was per- 
formed to evaluate the effects of bepridil on the 
Wolff-Parkinson-White syndrome and the associ- 
ated reentry tachycardias. 
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Patients and methods 


We studied 10 patients (six men and four women) 
aged 14 to 55 years (mean 33). Seven had 
Wolff-Parkinson- White syndrome (type A in four 
and type B in three) and three had concealed pre- 
excitation with accessory pathways conducting only 
in the retrograde direction. Spontaneous episodes of 
tachycardia were found in nine patients (paroxysmal 
supraventricular tachycardia in seven and atrial 
fibrillation in two). There was no evidence of other 
heart disease in any of these patients. After informed 
consent, electrophysiological studies were per- 
formed on patients in the post-absorptive, non- 
sedated state. Cardioactive drugs were discontinued 
at least seven days before the study. None of the 
patients was receiving amiodarone. 

We used the Seidinger technique to introduce 
four electrode catheters via the right and left femoral 
veins. Two were positioned in the right atrium, one 
to pace the upper septal region and the other to 
record a bipolar electrogram from the external wall. 
His bundle potential was measured with a tripolar 
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Tablel Effect of bepridil on normal conduction pathways and myocardial tissue (all values are ms) 
AV node-His pathoay 
€ AH HV AVN ERP AVN FRP 
(yr) and Type ————— Me ue e 

Case No sex WP PCL C B C B C B C B 

1 55F A 500 110 120 

2 14M Concealed 500 45 50 45 50 <230 <230 310 370 

3 41 F B 500 100 100 

4 24M B 500 70 100 

5 19F A 600 110 120 

6 60M Concealed 400 90 105 85 85 <220 <240 340 370 

7 32 F B 500 110 120 

8 23M A 400 

9 50M Concealed — 600 80 60 40 50 280 «250 360 360 
10 21M A 500 70 80 <210 <280 280 330 
Mean (18D) 87 (23) 95 (26) 57(25) 62 (20) 322 (35) 357 (19) 
p value 70-10 2005 


AVN, atrioventricular node; RA, right atrium; RV, right ventricle; ERP, effective refractory period; FRP, functional refractory perlod;C, control; 


B, bepridil, PCL, pacing cycle length. 


catheter electrode.!? The fourth catheter electrode 
was used to pace the right ventricular apex. In addi- 
tion, a quadripolar catheter electrode was inserted 
via the left basilar vein and positioned in the coro- 
nary sinus to record left atrial activity. The proximal 
terminals of the His bundle catheter were connected 
to an electrocardiogram amplifier. Intracardiac elec- 
trograms were filtered between 50 and 700 Hz. We 
used an eight channel direct ink-jet recorder (Elema, 
Sweden) with paper speeds of 100 or 200 mm/s. Five 
external leads (I, II, III, V1, V6) were recorded 
simultaneously. Cardiac pacing was done by means 
of a programmable modular stimulator (Janssen, 
Belgium). Electrical impulses (1-5ms) were 
delivered at twice diastolic threshold intensity. All 
data recorded throughout the study were stored on 
magnetic tape (Hewlett-Packard). 

Electrica! stimulation was applied successively to 
the atria and ventricles. Pacing at increasing rates 
was used to assess the functional properties of the 
conduction pathways.'® Cardiac refractory periods 
were determined by the extrastimulus method.!? 
During regular pacing of the heart, increasingly pre- 
mature depolarisations were elicited every eighth 
complex (the coupling interval was reduced by 
10 ms steps) until any response disappeared. 

Electrically induced reciprocating tachycardias 
were analysed. The mode of onset and termination, 
cycle length, and conduction data were taken into 
account. Repeat studies were performed 10 minutes 
after intravenous administration of bepridil (4mg/ 
kg over five minutes). Blood samples were collected 
10, 20, and 30 minutes after injection to measure 
plasma concentrations of bepridil. The results were 
analysed statistically by the Student t test for paired 
data. 





Results 


Table 1 shows the effects of bepridil on atrio- 
ventricular node-His conduction. The AH interval 
was determined before and after bepridil adminis- 
tration in nine patients. After bepridil the atrio- 
ventricular nodal conduction time was increased in 
seven patients, reduced in one patient, and unaltered 
in another. There was an insignificant mean increase 
of 8ms in the AH interval. The effect on the HV 
interval was assessed in the three patients with con- 
cealed pre-excitation. The HV interval was in- 
creased in two patients by five and 10ms 
respectively and unchanged in the third patient. 
The effective refractory period of the atrio- 
ventricular node could not be measured accurately 
both before and after the drug in any of the patients. 
In four patients bepridil had measurable effects on 
the functional refractory period of the atrio- 
ventricular node. The refractoriness of the atrio- 
ventricular node was lengthened in three patients 
and unchanged in the fourth. The mean increase of 
55 ms was not statistically significant. The effective 
refractory period of the right atrium was increased 
in nine patients and was unaltered in one patient. 
The mean increase was 26ms (p < 0-005) The 
effective reiractory period of the right ventricle was 
increased in eight patients and unchanged in two pa- 
tients. The mean increase was 18 ms (p « 0:005). 
Table 2 shows the changes in the accessory 
pathways. The effective refractory period in the 
anterograde direction, which was measured before 
and after bepridil administration in four patients, 
was increased in all four by an average of 45 ms 
(p < 0-02). In another patient, all pre-excitation was 
abolished after bepridil administration. The 
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Myocardnon (ms) 
RA ERP RV ERP 
C B PCL C B 
220 260 500 210 220 
210 220 500 210 210 
190 190 500 190 210 
220 230 600 230 250 
200 220 500 220 220 
190 200 400 240 260 
200 250 500 220 260 
180 210 350 175 190 
210 240 600 220 240 
200 260 400 210 240 
202(13)  228(24) 212(19) 230 (24) 
«0-005 «0-005 


effective refractory period in the retrograde direc- 
tion was increased in one patient by 60 ms and in 
another by 50 ms. The shortest cycle associated with 
1:1 atrioventricular conduction by the abnormal 
pathway during rapid atrial pacing was measured in 
six-patients with overt pre-excitation. After bepridil 
the cycle length was increased by an average of 40 ms 
(p < 0-005). 

During ventricular stimulation at increasing 
frequency, the shortest cycle length permitting 1:1 
retrograde conduction by the abnormal pathway 
could be measured in eight patients before and after 
bepridil administration and increased in all patients 
(mean 43 ms, p < 0-001). wey 

In eight patients, reciprocating tachycardia could 
be induced by a single premature stimulus delivered - 
during regular cardiac pacing (table 3). One patient 
only developed episodes of tachycardia in response 
to premature atrial or ventricular depolarisations 
provoked in sinus rhythm. In the remaining patient, 
induction of tachycardia required two ventricular 
extrastimuli delivered during pacing of the right 





ventricle. The zone of tachycardia was measured 
only in cases in which tachycardia was produced by 
a single extrastimulus elicited during regular pacing. 
In four patients a zone of tachycardia could be dem- 
onstrated by premature atrial stimulation before and 
after bepridil administration (table 3). The zone 
width increased in all four cases after bepridil (mean 
increase 60 ms). Two other patients showed a zone 
of tachycardia only after bepridil. On the other 
hand, in two other patients no sustained tachycardia 
was inducible by premature atrial stimulation after 
bepridil administration: only atrial echoes persisted, 
which in one patient were accompanied by non- 
propagated His bundle depolarisations. In five 
patients, a zone of tachycardia was obtained by 
premature ventricular stimulation before and after 
bepridil administration. After bepridil the zone 
width was increased in four of these patients by an 
average of 67 ms and unchanged in the fifth patient. 
In two other patients, the zone of tachycardia 
appeared after bepridil administration. 
Tachycardia was recorded before and after 


Table2 Effect of bepridil on accessory pathways (all values are ms) 





Ante ERP AP Retro ERP AP 3 1:1 ante min PCL 1'1 retro mn PCL 
Cass No PCL C B PCL Cc B C B C B 
1 500 «220 «260 500 «220 «230 225 250 215 300 
2 500 «220 «220 200 225 
3 500 280 320 500 «190 «220 250 300 225 215 
4 500 310 600 300 360 325 215 350 
5 600 270 500 270 320 275 300 275 300 
6 400 <250 <270 <300 350 
7 500 <240 <260 500 270 <260 225 300 250 325 
8 400 220 270 350 <185 <200 200 240 200 250 
9 600 —- 225 250 
10 500 220 290 400 «220 270 225 250 225 «215 
Mean (1 SD) 242(29)  287(24) - 285(21) 340 (28) 233(26) 273 (29) 241 (33) 284 (42) 
«002 «0 005 «0-001 





Ante, anterograde conduction; retro, retrograde conduction; min PCL, minimum pacmg cycle length. See footnote to table 1 for other abbreviations. 
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Table3 Effect of bepridil on atrioventricular reentrant tachycardias (all values are ms) 








Imtiation 
Mode Zone of tachycardia 
Case No PCL C B C B 
1 500 1VPB 1VPB 270-230 330-240 
2 500 IAPB 1APB 260-230 310-240 
500 1VPB 1VPB 250-220 320—280 
3 500 1APB 1APB 290-200 320-220 
500 1VPB 300-220 
4 500 lAPB 1APB 310—240 510-260 
600 1VPB 1VPB 250-250 270-270 
5 600 1APB 260-260 
500 1VPB IVPB 250-250 340—230 
6 400 lAPB 1APB 270-260 310-290 
7 500 2VPB 2VPB 
8 SR 1APB 2APB 
9 600 1APB 270-290 
600 1VPB 320—290 
10 500 1APB 220-210 
Mean (1 SD) 
p value 





APB, atrial premature beat; VPB, ventricular premature beat, SR, sinur rhythm. See footnote to table 1 for other abbreviations. 


bepridil administration in eight patients. In all cases 
the cycle length increased (mean 54 ms, p < 0:005) 
(table 3). The AH interval was increased in seven 
patients and reduced in one patient (mean increase 
26 ms; NS). The HV interval was altered in only two 
patients (increased by 5 and 10 ms). The VA inter- 
val, related to retrograde conduction via the acces- 
sory pathway, showed an increase in five patients 
and no change in three others (mean increase 27 ms; 
NS). 

Bepridil was well tolerated in all patients. The 
mean (1 SD) plasma concentration of the drug was 
1-20 (0-39) mg/l. 


Discussion 
Previous clinical] studies have shown that intra- 
venous bepridil, in addition to reducing the sinus 
rate, prolongs the AH interval and the effective re- 
fractory period of the atrioventricular node®~ 1° 
(changes consistent with blockade of the slow cal- 
cium channel). Furthermore, bepridil can depress 
intraventricular conduction and usually increases 
atrial and ventricular refractory periods. Because 
bepridil also has this effect on fast response tissues it 
would be expected to produce electrical changes in 
the atrioventricular aceessory pathways. The results 
of our study confirmed this prediction. Bepridil in- 
- creased the refractoriness of the accessory pathways 
during both anterograde and retrograde conduction 
as was shown by the extrastimulus method and rapid 
cardiac pacing. Rowland et al recorded the clinical 
electrophysiological effects of bepridil (2mg/kg 
intravenously) in 20 patients with atrioventricular 
reentrant tachycardia,!? but they did not examine its 


effects on the accessory atrioventricular pathways. 
When Roy e: al used intravenous bepridil (4 mg/kg) 
in four patients they found only an increase in the 
retrograde effective refractory period of the acces- 
sory pathway.!$ 

The dual atrioventricular conduction pathways in 
patients with manifest- concealed pre-excitat;ion 
accounts for the development of circus movement 
tachycardias.?°?! In the most common variety the 
reentrant impulse is conducted in an anterograde 
fashion through the atrioventricular node and the 
bundle of His and returns to the atria via the acces- 
sory pathway. The antiarrhythmic activity of a drug 
may affect the factors initiating reentry—that is 
extrasystoles and/or the circuit itself in which the 
wave of tachycardia progresses.?? The reported sup- 
pression of ventricular extrasystoles by bepridil!* 
may therefore be beneficial in patients with acces- 
sory pathways. The depressant effect of bepridil on 
all parts of the atrioventricular reentry circuit should 
be useful in controlling reciprocal tachycardias. 
After bepridil two of the 10 patients in the present 
study no longer had electrically inducible tachy- 
cardia because they had conduction blocks within 
the atrioventricular node and the His-Purkinje 
system respectively. Often, however, there was an 
increase in the reentry zone. This paradoxical effect 
has also been seen with other drugs.?? Anti- 
arrhythmic action requires a critical balance 
between the changes in conduction velocity and the 
effective refractory period within the circuit. With- 
out such a balance, qualitatively similar effects may 
favour the development of circus movement. Thus 
in this series bepridil caused electrophysiological 
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R AH HV VA 
? B C B C B C B 
30 360 160 170 45 45 130 150 
«00 350 160 210 50 50 100 100 
«60 380 130 150 55 55 155 155 
50 465 170 190 50 60 100 195 
75 410 190 210 50 50 130 145 
45 385 110 80 90 95 140 205 
20 410 130 220 45 45 130 130 
70 320 80 110 45 45 150 170 
10 130 45 130 
» 60 55 170 
m1 (34) 385 (44) 141 (36) 167 (51) 54 (15) 56 (17) 129 (20) 156 (34) 
«0 005 2005 010 005 
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changes that were clearly arrhythmogenic. Such 
responses to the drug have not been described pre- 
viously. The clinical implications are unknown. 
Tachycardia during bepridil administration had a 
longer cycle length, an effect related to the depres- 
sion of conduction in both the normal and accessory 
pathway. The role of bepridil in the treatment of 
supraventricular tachycardias remains unclear. 
Rowland er al reported that intravenous bepridil 
terminated reentry tachycardias associated with 
atrioventricular accessory pathways in half the 
cases.!? The basis of this action was the develop- 
ment of an anterograde block in the atrioventricular 
node. There are no available data on the short term 
prevention of recurrences. 

"The results of the present study also indicate that 
bepridil may be useful in the treatment of atrial 
tachycardia of the Wolff-Parkinson-White syn- 
drome. In this case, conduction via the accessory 
pathway is a possible source of life threatening high 
ventricular rates.’ By increasing the anterograde 
effective refractory period of the accessory con- 
nection, bepridil may well slow down the ventricular 
response during atrial fibrillation. This is supported 
by recent findings on electrically induced episodes of 
atrial fibrillation.’ In contrast, verapamil acceler- 
ated the ventricular response.*> Furthermore, the 
prolongation of the atrial refractory period may have 
8 role in the short term control of atrial arrhythmias. 

Roy et al reported comparable  electro- 
physiological effects on atrioventricular accessory 
pathways after oral bepridil.!$ The plasma concen- 
tration of the drug was not measured. The doses 
used (300—400 mg/day), however, give mean blood 
concentrations of 1-1:2 mg/1,?5—that is in the range 
of the present study. Supraventricular tachycardia 


was prevented in five of the 11 patients on oral 
bepridil. Moreover, the results of repeat testing 
during oral treatment predicted the clinical out- 
come. Because ours was not a long term study we 
cannot draw definite conclusions about the predic- 
tive value of acute testing with intravenous bepridil. 
The role of bepridil in patients with atrio- 
ventricular accessory pathways deserves further 
investigation. Additional information on the safety 
margin is required because several cases of torsade 
de pointes have bcen reported during bepridil treat- 
ment.?” Studies now in progress in France aim at 
providing a precise answer to this question. 
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cardia. Treatment modifies tachycardia of hypogly- 
caemia. Transference from, ordiscontinuance of,cloni- 
dine. Prescriptionof Class lantidysrhythmicagents.Co- 
administration with verapamil. Anaesthesia. Pregnancy. 
Cessation of beta-blocker therapy should be gradual in 
patients with ischaemic heart disease.Additionally with 
"Inderex': diabetes; hepatic cirrhosis with ascites; and 
co-administration of digitalis or lithium containing 
preparations. Side effects Cold extremities, nausea, 
insomnia, lassitude and diarrhoea are usually transient. 
Isolated cases of paraesthesia of the hands. Rashes and 


ditionally with ‘Inderex’: hypokalaemia (especially in 
patients already potassium depleted); hyperuricaemia 
Rare reports of rashes, necrotising vasculitis, acute 
pancreatitis, blood dyscrasias and aggravation of pre 

existing myopia. Product licence numbers and basic 
NHS cost (28-day calendar pack) ‘Inderal’ LA (29/0128) 
£6.66; Half-Inderal’ LA (29/0173) £4.48; 'Inderex' (29 

0157) £7.44. Inderal’ LA, Half "Inderal' LA and ‘Inderex 
are trademarks. Further information is available from 

ICI Pharmaceuticals (UK), Alderley House, Alderley 
Park, Macclesfield, Cheshire SK10 4TF 


ji 


Merck Sharp & Dohme Limited 
Hoddesdon, Hertfordshire, EN11 9BU 





The CONSENSUS study? w 

to evaluate the effect of enalapr 
given in addition to conventional! the 
the prognosis of severe chroni 

The results of the study were imi 
leading to the study being stoppe 
prematurely by its Independent Ett 
Review Committee 


Prolonged Survival 

The reduction in mortality afte: 
was 40% in the group treated wit! 
when compared with the placeb 
entire treatment effect was due t 
in mortality from the progre 
failure 


Improved quality of life 

In surviving patients, significant impro 
ments in symptoms and NYHA functiona 
class were observed in the group treate 
‘Innovace’. Beneficial treatment effe 
also reflected by a reduction in the use 
concomitant cardiovascular drugs a 

a reduction in heart size 


Well tolerated 


The proportions of withdrawals from 
randomised therapy were not signif 
different in the groups receiving either 
'Innovace' or placebo. The incidence 
tension leading to withdrawal was redu 
by initiating therapy with a low dose of 

j enalapril in high-risk patients. Change 
i d M serum creatinine were comparable 
groups with similar numbers of patient 
demonstrating improvement or deter 


We conclude that the addition in renal function 
of enalapril to conventional 
therapy in patients with severe 
congestive heart failure can 
reduce mortality and improve 
symptoms.9: 





[d 


ABRIDGED PRODUCT INFORMATION 


Full prescribing information is available and should 
be consulted before prescribing. 

USES 

All grades of essential hypertension and renovas- 
cular hypertension where standard therapy is 
ineffective or inappropriate because of adverse 
effects. 

In congestive heart failure, as adjunctive therapy 
with digitalis and diuretics, treatment should 
always be initiated in hospital. 

DOSAGE 

Essential and renovascular hypertension: Therapy 
should be initiated with 5 mg in patients under 65 
years of age; 2.5 mg if older or in presence of renal 
impairment. The usual maintenance dose is 
10-20 mg once daily: maximum 40 mg once daily. 
When adding to a diuretic, the starting dose of 
'Innovace' is 2.5 mg with the diuretic discontinued 
for 2-3 days prior to ‘Innovace’. if possible. 

Reduce beta-blocker dose gradually after starting 
‘Innovace’. Dose titrate to BP requirements. Dosage 
of other antihypertensives may need adjusting. 
Congestive heart failure: Can be used as adjunctive 
therapy with diuretics and, where appropriate. 
digitalis. Initial daily dose 2.5 mg under close 
supervision in hospital. If possible, diuretic dose 
should be reduced beforehand. Monitor blood 
pressure closely for hypotension. 

Increase dose gradually to usual maintenance dose 
of 10-20 mg daily. 

MODE OF ACTION 

Following oral administration, 'Innovace is rapidly 
absorbed and hydrolysed to enalaprilat, a highly 
specific, long-acting. non-sulphydry! angiotensin- 
converting enzyme inhibitor. 
CONTRA-INDICATIONS 

Pregnancy: assessment for possible pregnancy 
required if menstrual period is missed. Hyper- 
sensitivity. 

PRECAUTIONS 

Assess renal function prior to therapy with 
'Innovace and during treatment where appro- 
priate. Should not be given with aortic stenosis or 
outflow tract obstruction. 

Symptomatic hypotension is more likely following 
volume depletion caused by diuretic therapy. 
dietary salt restriction, dialvsis. diarrhoea. or 
vomiting or in patients with congestive heart failure 
with or without renal insufficiency. Severe 
hypotension reported mainly in patients with 
severe heart failure. 

Impaired renal function: Caution should be used in 
patients with renal impairment. Renal function 
should be closely monitored. In the majority, renal 
function will not alter, or may improve. Renal 
failure has been reported. mainly in patients with 
severe congestive heart failure or underlying renal 
disease, and is usually reversible. Some hyper- 
tensive patients, with no apparent pre- > 
existing renal disease, have developed 
increases in blood urea and creatinine 
when ‘Innovace givenconcurrently witha 
diuretic. Dosage reduction of ‘Innovace’ 
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and/or discontinuation of the diuretic may 
be required. This situation should raise the 
possibility of underlying artery stenosis. 'Innovace 
is dialysable. 

Renovascular hypertension: 'Innovace can be used 
when surgery is not indicated or prior to surgery. In 
some patients with bilateral renal artery stenosis or 
stenosis of the artery to a solitary kidney, increases 
in blood urea and creatinine, reversible upon 
discontinuation of therapy. have been seen. 
Because it is not known whether ‘Innovace’ is 
excreted in human milk, caution required if given 
to nursing mothers. Has not been studied in 
children. 

Surgerv/anaesthesia: ‘Inmovace’ may lead 
hypotension requiring volume expansion. 

Drug interactions: Increased antihypertensive 
effect when combined with methyldopa. beta- 
blockers. calcium antagonists, or diuretics. 
Adrenergic-blocking drugs should be added with 
caution. Concomitant propranolol may reduce 
bioavailability. Lithium levels may be increased. 
Plasma potassium usually remains within normal 
limits. ‘Innovace’ may elevate plasma potassium 
levels in patients with renal failure. Potassium 
supplements or potassium-sparing diuretics are not 
usually recommended, particularly in patients with 
impaired renal function. since they may lead to 
significant increases ir plasma potassium. If 
deemed appropriate, they should be used with 
caution and with frequent monitoring of plasma 


to 


potassium. 

SIDE EFFECTS 

Severe hypotension and renal failure. 
Angioneurotic oedema has occurred rarely. 





Discontinue 'Innovace'; condition usually resolves 
without treatment, but give subcutaneous adrena- 
line (0.5 ml 1:1.000) if airways obstruction likely. 
Most frequently. dizziness, and headache. Others 
include fatigue. asthenia. nausea, diarrhoea, 
muscle cramps, rash. urticaria, dysgeusia. and 
cough. 

Clinical laboratory findings: Increased blood urea 
and plasma creatinine, decreases in haemoglobin, 
platelets, white cell count. and elevation of liver 
enzymes have occurred in a few patients, but causal 
relationship not established. 


Overdosage: Hypotension most likely mani 
festation. 
BASIC NHS COST 


Tablets 20 mg: calendar packs of 28 tablets. 
£13.10: bottles of 50 tablets. £23.40. Tablets 10 mg: 
calendar packs of 28 tablets, £11.03: bottles of 50 
tablets, £19.69. Tablets 5 mg: calendar packs of 28 
tablets. £7.86; bottles of 50 tablets. £14.03. Tablets 
2.5 mg: Bottles of 50 tablets. £10. 

PRODUCT LICENCE NUMBERS 

Tablets. 2.5 mg. 0025/0220; Tablets, 5 mg. 
0025/0194: Tablets. 1) mg. 0025/0195; Tablets. 
20 mg, 0025/0196. 

Issued August 1987 

TM denotes trademark 

; Reference 1. The CONSENSUS Trial 
| Study Group, New Engl. J. Med.. 1987. 
L 96. 1429-1435. 
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A comparison of bepridil with amiodarone in the 
treatment of established atrial fibrillation 


MICHAEL S PERELMAN, WILLIAM J McKENNA, EDWARD ROWLAND, 
DENNIS M KRIKLER 


From the Division of Cardiovascular Disease, Royal Postgraduate Medical School, Hammersmith Hospital, 
London 


SUMMARY Fourteen patients with established atrial fibrillation (longer than three months) that 
was refractory to treatment were studied to compare the clinical and electrophysiological effects 
of amiodarone and bepridil. All patients initially received bepridil for three weeks (200—600 
mg/day), followed by amiodarone for two to three months (100—400 mg/day). Bepridil seemed to 
be slightly more effective than amiodarone in converting the fibrillation to sinus rhythm (nine of 
fourteen compared with four of ten). The ventricular response in atrial fibrillation was equally 
well controlled by bepridil and amiodarone, both at rest and during exercise. Bepridil was associ- 
ated with the development of ventricular arrhythmias in eight of fourteen patients; two had 
torsade de pointes, which in one degenerated into fatal ventricular fibrillation. These arrhythmias 
seemed to be associated with bepridil induced prolongation of the QTc interval. No ventricular 


arrhythmias were seen during amiodarone treatment. 
Although bepridil seems to be an effective antiarrhythmic agent for the management of atrial 
fibrillation, its arrhythmogenic actions make it unsuitable for this purpose. 


In chronic atrial fibrillation the usual therapeutic 
target is the slowing of the ventricular response, but 
a return to sinus rhythm may offer considerable 
additional benefits to the patient.! Most drugs used 
to suppress or prevent atrial fibrillation are 
inhibitors of the fast inward membrane current and 
tend to enhance atrioventricular conduction and are 
therefore usually given in combination with digoxin 
or other agents that slow conduction in the atrio- 
ventricular node. Amiodarone combines at anti- 
arrhythmic effect in the atria with depression of 
atrioventricular conduction and is therefore useful 
in atrial fibrillation. As bepridil, introduced as an 
antianginal agent,” > has been shown to have electro- 
physiological properties—blocking both the slow* 5 
and fast inward currents and prolonging 
repolarisation—it might thus be expected to have 
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similar actions to those of amiodarone. This study 
was designed to examine the antiarrhythmic poten- 
tial of bepridil and compare its use in established 
atrial fibrillation with that of amiodarone. 


Patients and methods 


Fourteen patients with established atrial fibrillation 
of at least three months’ duration and a ventricular 
rate of more than 100/minute were studied. The 
protocol was approved by the ethics committee of 
the Royal Postgraduate Medical School and all 
patients gave their informed and written consent. 
Because of the long half life of amiodarone, ran- 
domisation of the order of drug administration was 
not practical. All antiarrhythmic medications were 
withdrawn for at least five half lives. Patients were 
then given bepridil for three weeks: 300 mg twice a 
day for two days then 100 mg twice a day for five 
days, increasing to 200 mg twice a day for the second 
week and 300 mg twice a day for the third week. In 
patients who remained in atrial fibrillation there was 
a two week wash-out period after bepridil was 
stopped and before amiodarone was started. Patients 
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who reverted to sinus rhythm during bepridil were 
followed, off all antiarrhythmic medication, after 
stopping bepridil If they reverted to atrial 
fibrillation amiodarone was introduced at least three 
weeks later. In all patients, amiodarone was admin- 
istered in a loading dose of 800 mg/day for one week 
and then continued at 400 mg/day for two months. 
In those patients who converted to sinus rhythm on 
amiodarone, the daily dose was further reduced to 
200 mg/day. 


ASSESSMENT 
Baseline rhythm and rate were assessed off medica- 
tion immediately before bepridil, at the end of each 
week on bepridil, and after one and two months on 
amiodarone 400 mg/day. In those patients receiving 
the reduced dose of amiodarone a further assessment 
was made six to eight weeks later. 

At each assessment a standard procedure was fol- 
lowed which required two outpatient visits on con- 
secutive days. On the first day a two channel 24 hour 
ambulatory electrocardiogram (Oxford Medilog 1) 
was recorded. When the patient returned the follow- 
ing day, usually in the morning and always at the 
same time of day, blood was drawn for the mea- 
surement of the serum drug concentration (at least 
12 hours after the last tablet) and a resting 12 lead 
electrocardiogram was recorded, At the same visit a 
symptom limited treadmill exercise test (Naughton 
protocol) was performed during which rhythm 
strips were recorded every three minutes and at peak 
exercise. 

The predominant rhythm was determined from 
the resting 12 lead and ambulatory clectro- 
cardiograms. The ventricular rate was recorded dur- 
ing 10 second rhythm strips at rest and on peak 
exercise. If the patient was in sinus rhythm the QT 
interval was measured and the QT, was derived 
(Bazett’s formula). 
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The ambulatory electrocardiograms were anal- 
ysed by a technician using a Reynolds Pathfinder II 
analysis system and checked by a physician. Rhythm 
variation was noted, as was the presence of ventricu- 


lar arrhythmias. 
Results 


Table 1 shows the clinical data of the fourteen 
patients in the study. i 

In four patients bepridil was withdrawn early 
because of the development of arrhythmias. In one 
case ventricular bigeminy was present at rest, while 
in three patients non-sustained uniform ventricular 
tachycardia developed on exercise (tables 2 and 3). 

Four patients did not go on to receive amiodarone. 
One patient died of a pulmonary embolus, a second 
died of torsade de pointes during the third week on 
bepridil, and two others did not complete the study. 


CONVERSION TO SINUS RHYTHM 

Nine of fourteen patients were converted to sinus 
rhythm during bepridil: two in the first week, four in 
the second week, and three in the third week. Atrial 
fibrillation reappeared in all nine patients within 
eight days of discontinuing bepridil. 

Four of ten patients were converted to sinus 
rhythm during amiodarone (six of these had con- 
verted during bepridil (NS)): one by one month, two 
by two months, and one other after four months 
(maintenance dose 200mg daily). Two of three 
patients remained in sinus rhythm when the 
amiodarone was reduced from 400 to 200 mg daily, 
while the third reverted to atrial fibrillation; sinus 
rhythm resumed when the dose was restored to 
400 mg daily. 

Neither the cause nor the duration of atrial 
fibrillation were related to the successful restoration 
of sinus rhythm during bepridil (table 1). During 





Table! Clinical details 
No Sex Age Diagnosis Duration of AF Bepridil Amtodarone 
1 M 54 Pulm dis Several years + + 
2 M 62 DCM Several years + + 
3 F 61 LAF 3 moth + - 
4 M 62 LAF lyr + + 
5 M 58 DCM 3 mnth + + 
6 F 54 Rh VHD Several years + * 
7 F 73 Rh VHD 6 mnth * + 
8 F 66 DCM Several years * - 
9 M 68 DCM Several years * + 
10 F 75 Rh VHD Several years + ~ 
11 F 65 Rh VHD 4mnth + = 
12 F 68 Rh VHD lyr + + 
13 M 66 Rh VHD 4mnth + + 
14 M 60 LAF 3 mnth + + 





AF, atrial fibrillation; Pulm dis, pulmonary disease; DCM, dilated cardiomyopathy; L AF, lone atrial fibrillanon; Rh VHD, rheumatic 


valvar heart 
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Table 2 Rhythm during study 





Bepridil Amodarone 
Week Month 
Patient 1 2 3 1 3-4 
1 AF AF SR/AF AF SR AF 
2 AF — ~~ AF AF AF 
3 AF SR SRDied 
4 AF AF AF AF AF AF 
5 SR SR SR SR SR SR 
6 AF SR — AF AF AF 
7 AF AF AF AF SR SR 
8 AF SR SR — — E 
9 SR SR SR AF AF — 
10 AF AF — — — — 
il AF AF SRDied 
12 AF AF SR AF AF AF 
13 AF SR SR AF AF SR 
14 AF AF — AF AF AF 





AF, atrial fibrillation; SR, sinus rhythm; —, drug stopped. 


amiodarone treatment restoration of sinus rhythm 
was more common in patients with a shorter 
duration of atrial fibrillation. 


CONTROL OF THE VENTRICULAR RESPONSE IN 
ATRIAL FIBRILLATION 

Figures 1 and 2 show the ventricular rates at rest and 
during exercise respectively. During bepridil treat- 
ment there was progressive reduction in the rate 
over the three weeks; during amiodarone treatment 
maximal slowing was achieved at the first assessment 
at one month. Maximal slowing of the ventricular 
rate on the two agents was similar (figs 1 and 2, left 
hand panel). 


REPOLARISATION AND VENTRICULAR 
ARRHYTHMIAS 
At baseline assessments no ventricular arrhythmias 
were detected during 24 hour ambulatory electro- 
cardiographic monitoring. However, they were 
documented in eight of fourteen patients during 
bepridil; two of whom developed torsade de pointes 
(table 3). Details of these two patients follow: 

A 61 year old woman with lone atrial fibrillation 
reverted to sinus rhythm, albeit with paroxysmal 
atrial fibrillation, during the second week of 
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Fig 1 Plot of maximal slowing of the ventricular response 
rate at rest on each drug and at each assessment point in those 
patients tn atrial fibrillation. 


bepridil. While undergoing routine ambulatory 
monitoring, she developed torsade de pointes; 
immediately beforehand she had been in sinus 
rhythm (QT, 600 ms) with infrequent late-coupled 
ventricular extrasystoles, falling on the T wave (fig 
3). The torsade de pointes promptly degenerated 
into ventricular fibrillation. Necropsy showed mild 
left ventricular hypertrophy of uncertain aetiology; 
there was no clinically significant coronary artery 
disease. 

A 65 year old woman with rheumatic mitral valve 
disease also developed torsade de pointes. During 
the third week of bepridi] treatment, the electro- 
cardiogram showed atrial fibrillation with a rapid 
ventricular response and runs of broad complex 
tachycardia which were interpreted as aberration (fig 
4, 25 October 1983); the QT interval could not be 
determined. The next day, she reverted to sinus 
rhythm with a pronounced bradycardia and a QT, of 
755 ms, with brief runs of non-sustained torsade de 
pointes. Bepridil was discontinued and no further 
episodes of torsade de pointes or other ventricular 
arrhythmias were documented. Amiodarone was not 
started because she died of a pulmonary embolism 


Table3 Details of those patents who developed important ventricular arrhythmias while on bepridil 





: 


QT, (ms) 


Ventricular arrkythmia 





600 
560 
490 
10 
1M 
755 
12 524 
14 
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VT on exercise, VT on Holter (26 episodes) 

"Torsade de pointes degeneranng into ventricular fibrillation 
Ventricular bigeminy on rest ECG 

Ventricular bigemmy on rest ECG; VT on Holter (1 episode) 
VT on exercise 

VT on rest ECG and on Holter (3 episodes) 

Torsade de pointes on rest ECG 

Ventricular y on exercise and on Holter 

VT on exercise 





VT, ventricular tachycardia, more than 3 complexes; Holter, 24 hour ambulatory ECG, AF, atrial fibrillation, SR, smus rhythm. 
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Fig 2 Plot of maximal slowing of the ventricular response 
rate at peak exercise on each drug and at each assessment 
port m those patients in atrial fibrillation. 


five days after stopping bepridil, despite having been 
treated with anticoagulants. 

Eight of the nine patients with sinus rhythm on 
bepridil had QT, prolongation (greater than 440 ms) 
which was dose related (fig 5). Three developed ven- 
tricular arrhythmias, but five did not. The QT, 
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range in the former group was 524 to 755 ms (mean 
(SD) 586 (+ 103)) and in the latter group it was 408 
to 521 ms (475 (+48)) (NS). Ventricular arrhyth- 
mias developed during sinus rhythm in five and 
during atrial fibrillation in four; in these latter the 
QT, could not be derived. The two patients who 
developed torsade de pointes had conspicuous QT, 
prolongation. 


Discussion 


When conversion to sinus rhythm is inappropriate, 
or unsuccessful, atrial fibrillation is managed by 
slowing the rapid ventricular response. Amiodarone 
not only slows atrioventricular nodal conduction, 
but also offers the potential extra benefit of con- 
version to sinus rhythm,” and there is thus an extra 
indication for considering its use in the management 
of atrial fibrillation. 

Bepridil was introduced for angina’? but has a 
wide electrophysiological profile, affecting both fast 
and slow inward channels. In the guinea pig ventri- 
cle the upstroke velocity is reduced,* while in the 
frog atria both slow and fast channel inhibition can 
be demonstrated.? In sheep muscle fibres and Pur- 
kinje fibres the upstroke velocity is reduced in asso- 
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Fig 3 Plot of heart rate and QT interval (taken from ambulatory electrocardiogram) in patient 3 on bepridil 
(300 mg twice a day). *Imtiation of the episode of torsade de pointes and ventricular fibrillation, which is shown 


in the printout below. 
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Fig 4 (a) Electrocardiogram obtained on 25 October 1983, in patient 11 shototng atrial fibrillation with a rapid 
ventricular response (approximately 180/min). (b) Electrocardiogram on 26 October 1983 in patient 11 showing sinus 
rhythm (rate 95 beats/min) with considerable QT, prolongation (755 ms). In leads aVR, aVL, and aVF there is a 


brief episode of torsade de pointes. 


ciation with prolongation of the action potential 
duration in the muscle fibres and shortening of it in 
the Purkinje fibres.° It inhibits calcium flux in a sim- 
ilar manner to verapamil* ? and increases myocardial 
refractoriness in many tissues. Studies of the elec- 
trophysiological effects of bepridil in man have 
shown that the increased myocardial refractoriness 
is most conspicuous in the atria.” ? 

In previous studies amiodarone has been shown to 
convert approximately 50% of cases of atrial 
fibrillation to sinus rhythm, though the success rate 
is lower in cases of longer duration. Four of our ten 
patients who received amiodarone reverted to sinus 
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Fig5 Plot of QT, (mean ( SD)) at each assessment point 
for those patients in sinus rhythm. 


rhythm, and sjx of the same ten patients were con- 
verted by bepridil; in the larger group of fourteen 
patients, nine reverted to sinus rhythm during the 
three weeks on bepridil—two in the first week, three 
in the second week, and four others in the third 
week. Thus bepridil seems to be at least as effective 
as amiodarone at inducing reversion. 

In those patients remaining in atrial fibrillation, 
the effects of the two agents on the atrioventricular 
node, both at rest and at exercise, were equal, and 
very similar to the effects of digoxin and verapamil. 

While bepridil has effective antiarrythmic proper- 
ties, it also has significant arrhythmogenic effects. 
Eight of the fourteen patients developed ventricular 
arrhythmias while on bepridil, in two instances tor- 
sade de pointes, which in one case degenerated into 
ventricular fibrillation. In a review of the French 
experience with bepridil there were sixteen cases of 
torsade de pointes.'° All occurred in elderly women 
who had received bepridil 300 mg per day for over 
eight days. In fourteen the serum potassium was 
4mmol/l or less, but correction of this relative hypo- 
kalaemia did not abolish the torsade de pointes. 

Bepridil has a long half life of over 50 hours, and 
the protracted recovery from torsade de pointes sug- 
gests that the relative hypokalaemia may not have 
been a major contributory factor.!? 

The two patients in this study who developed tor- 
sade de pointes had extremely long QT, intervals, 
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600 and 750 ms. There was a direct relation between 
QT, and daily dose of bepridil, which may explain 
the arrhythmogenic effect of bepridil. The relation 
between dose and the QT, has not been examined in 
previous studies with bepridil, but there have been 
abnormalities of the T and U waves with pro- 
longation of the QT interval.? 1! In contrast, ami- 
odarone was free of arrhythmogenic effects. The 
QT, interval was prolonged but not to the same 
degree. 

Therefore, in deciding whether bepridil offers a 
real advance, the benefits must be weighed against 
the potential risks. Bepridil is certainly a powerful 
antiarrhythmic agent that offers much for the man- 
agement of atrial fibrillation. But the QT, pro- 
longation and arrhythmogenic effects are very 
worrying, particularly as the QT, interval can only 
be derived with any confidence, if at all, once sinus 
rhythm has been achieved. In atrial fibrillation, the 
QT, interval cannot be monitored as an early warn- 
ing sign. Thus, in our opinion, the risks outweigh 
the benefits and bepridil does not offer an appre- 
ciable advantage over the established regimens or 
amiodarone. 


References 


1 Dreifus LS, Naito M, David D, Michelson EL. Atrial 
fibrillation: symptoms and haemodynamics. In: 
Kulbertus HE, Olsson SB, Schlepper M, eds. Atrial 

illati Mölndal, Sweden: AB _ Hassle, 
1983:122-32. 


Perelman, McKenna, Rowland, Krikler 


2 Canicave [C, Deu J, Paillet R. Un nouvel antiangoreux, 
le bépridil Appréciation de son efficacité par 
l'epreuve d'effort au cours d'un essai à double insu 
contre la placébo. Thérapie 1980;35:607-12. 

3 DiBianco R, Alpert J, Katz RJ, et al. Bepridil for 
chronic stable angina pectoris: results of a prospec- 
tive multicenter, placebo controlled, dose-ranging 
study in 77 patients. Am J Cardiol 1984;53:35-41. 

4 Vogel S, Crampton R, Sperelakis N. Blockade of myo- 
cardial slow channels by bepridil (CERM-1978). 
J Pharmacol Exp Ther 1979;210:378—85. 

5 Beaughard M, Ferrier M, Labrid C, Lamar JC, 
Leboeuf J, Piris P. Studies on bradycardia induced 
by bepridil. Br J Pharmacol 1982575:293—300. 

6 Kane KA, Winslow E. Antidysrhythmic and electro- 
physiological effects of a new antianginal agent, 
bepridil. J Cardiovasc Pharmacol 1980;2:193~203. 

7 Rowland E, McKenna W, Holt D, Perelman MS, 
Krikler D. Oral amiodarone for the conversion of 
established atrial fibrillation [Abstract]. Circulation 
1984;70(suppl II):II-439. 

8 Labrid C, Grosset A, Dureng G, Mironneau J, 
Duchenne-Marullaz P. Some membrane interactions 
with bepridil, a new antianginal agent. J Pharmacol 
Exp Ther 1979;211:546—54. 

9 Rowland E, McKenna WJ, Krikler DM. Electro- 
physiologic and antiarrhythmic actions of bepridil— 
comparison with verapamil and ajmaline for 
atrioventricular reentrant tachycardia. Am J Cardiol 
1985;55:1513-9. 

10 Leclerq JF, Kural S, Valére PE. Bépridil et torsades de 
pointes. Arch Mal Coeur 1983;,76:341-8. 

11 Dessoutter P, Haiat R. Modifications électro- 
cardiographiques induites par le bépridil. Arch Mal 
Coeur 1980;73:1237-8. 


lora’s guide to what 
makes you tick. 


EASE 


HEART DIS 






pc QN 


FOOD 


If you're involved in health 


f education, then naturally you'll 
f pass the word about the role of f 
health and diet 
With the help of specialist 
Project for Heart Disease Pr« 
produced a range of leaflet 
subject, which are available 
distribution to your patients 
So, to help your patients under 
what makes them tick, put a few 
aside to fill in the coupon 


[Post to: The Flora Project í 
Prevention, 24-28 Bloomsbury W 
[| WOH SEX lel: 01-831 ¢ ) 


Please send me r 









IN A SERIES OF LEAFLETS ON PREVENTION OF 


No 


z 
e 
E 
z 
& 
> 
É 
z 
5 
g 
m] 
- 
z 
m 
= 
5 
"I 
I 
E 
8 
« 
z 
a 
2 










SEASE 


JF LEAFLETS ON PREVENTION OF HEART DIS 


ms | risk factor leaflets. (Allow 
SF “> delivery.) 
Name 





Address 


FITNES 
& EXERCIS 


| 
| 
| 
| 


&& 


— | Bresette 


British Heart Journal October 1987 



































Simonsen & Weel care... 
about Cardiology. 


Monitoring for the Cardiologist 

A full range of monitors is offered to suit 
all known requirements, from the single 
channel ECG monitor — the Diascope 1, 
through the extensive Diascope 2 family 
to the sophisticated System 8000. 

To complement this range of bedside 
monitors Simonsen & Weel also offers a 
variety of Central Monitoring Systems — 
System 8600 and System 8500. 





Resuscitation 
The Zoll Non-Invasive Temporary 
Pacemaker represents an ideal solution 
for “buying time” in those crucial 
moments after a cardiac incident. A range 
of Cardio-Aid defibrillators including the 
Defi 2 and the DMS family further 
demonstrate our commitment to offering 
solutions to resuscitation. 






Exercise Testing 
The comprehensive Quinton range of 
Stress Testing equipment covers all 
aspects of exercise testing from 
Treadmills and Ergometers to 
sophisticated computer assisted 
diagnostic systems. 

When it comes to Exercise Testing, 
Simonsen & Weel care . . . 






Simonsen & Weel Ltd. 
Ruxley Corner, Sidcup, Kent DA14 5BL 
Tel: 01-309 0433. Telex: 896328. 


SAW 


Br Heart J 1987;58:345-51 


The effects of early coronary patency on the 
evolution of myocardial infarction: a prospective 
arteriographic study 


ADAM D TIMMIS, BRIAN GRIFFIN, JONATHAN C P CRICK, 
DAVID J NELSON, EDGAR SOWTON 


From the Department of Cardiology, Guy's Hospital, London with statistical analysis by Data Analysis and 
Research Limited, New Lanark, Lanarkshire 


SUMMARY The effects of early spontaneous coronary patency on the evolution of myocardial 
infarction were evaluated in 41 patients. They had coronary arteriography (mean (SEM)) 3-1 (0:2) 
hours after the onset of chest pain with repeat studies 90 minutes and three days later. In 12 (2995) 
patients the infarct related coronary artery was patent at the first arteriogram (group 1). A further 
10 patients, nine of whom received thrombolytic treatment, showed early recanalisation of the 
infarct related coronary artery within 90 minutes of treatment (group 2). In the remainder the 
infarct related coronary artery was persistently occluded (group 3). Baseline values for infarct 
location, the sum of ST elevation in all leads, QRS scores, and serum creatine kinase activity did 
not permit discrimination between the groups. Nevertheless, patterns of ST segment change and 
enzyme release in group 1 were closely similar to those that occurred in response to thrombolysis 
in group 2. Thus compared with group 3, groups 1 and 2 showed earlier 50% reduction in the 
sum of peak ST elevation in all leads and earlier peaking of serum creatine kinase activity. 
Importantly, creatine kinase release was significantly attenuated in group 1, rising to a peak serum 
activity (mean (SEM)) of only 1242 (415) IU/1. Analysis of angiographic left ventricular ejection 
fractions at three days indicated limitation of infarct size in groups 1 and 2 compared with group 
3. Mean (SEM) ejection fraction, however, was best preserved in group 1 (62(6)%) and in this 
group the frequency of non-Q wave infarction was higher than in groups 2 and 3. 

Thus in patients who present with a patent infarct related coronary artery early during 
infarction: (a) there is a reduction in the pattern of infarct size as reflected by attenuation of release 
of creatine kinase, preservation of left ventricular ejection fraction, and a relatively high frequency 
of non-Q wave infarction; (b) patterns of ST segment change and creatine kinase release resemble 
those that occur after successful thrombolytic treatment, suggesting that early coronary patency 
is the result of spontaneous recanalisation of a previously occluded artery. 


The full transmural extent of myocardial infarction 
may not be established for six hours or more after 
thrombotic coronary artery occlusion.’ Thus early 
recanalisation of the occluded coronary artery within 
this period may limit the ultimate extent of infarction 
by permitting reperfusion of the threatened 
myocardium,? ^ This accounts for the beneficial 
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effects of thrombolytic treatment on infarct size? ê 
and hospital survival’~° in patients treated early 
after the onset of symptoms. In a considerable 
proportion of cases, however, recanalisation occurs 
spontaneously either owing to unsustained spasm 
(spasm may be necessary for clot stabilisation) or to 
endogenous thrombolysis.! Nevertheless, the 
timing of spontaneous recanalisation is likely to be 
critical and the data of de Wood et al indicate that in 
many cases it occurs too late to permit clinically 
significant myocardial salvage.!? Thus although a 
number of investigators have shown that patency of 
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the infarct related coronary artery late after 
infarction is associated with more limited myocardial 
damage,'!~ !? retrospective data of this type do not 
accurately identify the important subgroup in whom 
recanalisation occurs early enough to influence the 
evolution of infarction. 

'The present study is a prospective evaluation of 
patients with early patency of the infarct related 
coronary artery. Coronary anatomy was defined by 
arteriography during the acute phase of myocardial 
infarction. The effects of early coronary patency on 
the evolution of infarction were examined with 
particular reference to enzyme release, electro- 
cardiographic changes, and infarct size. 


Patients and methods 


PATIENTS 

Forty one patients (mean (SD) age 56 (9) years, 5 
women and 36 men) were studied over a period of 18 
months. All but one of these patients had been 
included in a randomised study of anisoylated 
plasminogen streptokinase activator complex, the 
results of which have been reported.!* Patients with 
symptoms of acute myocardial infarction of less than 
six hours’ duration were considered for entry. The 
site of the infarct was anterior in 21 cases and inferior 
in 20 cases. We studied only patients with ST 
segment elevation of 70-1 mV in one or more 
standard leads or > 0-2 mV in one or more precordial 
leads that persisted despite treatment with nitrates. 
Exclusion criteria were a history of cerebrovascular 
accident, operation, or active peptic ulceration 
within the previous three months; severe 
hypertension (> 200/120 mm Hg); or heart failure or 
external cardiac massage. All patients gave informed 
verbal consent for inclusion in the study which was 
approved by the hospital ethics committee. 


STUDY DESIGN 

After documentation of the degree of patency of the 
infarct related coronary artery by arteriography the 
patients were randomised to intravenous treatment. 
Twenty received anisoylated plasminogen 
streptokinase activator complex 30 mg and 20 
received placebo. One patient was not randomised 
at the request of the referring physician. The degree 
of patency was reassessed by repeat coronary 
arteriography 90 minutes after treatment. Heparin 
sodium (1000 units/hour) was given by intravenous 
infusion four hours after catheterisation and was 
continued with dosage adjustments until completion 
of the final coronary arteriogram approximately 
three days later. During the study other drugs 
routinely used for the management of myocardial 
infarction were not withheld. 
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CORONARY ARTERIOGRAPHY 

The first coronary arteriogram and the 90 minute 
follow up study were performed by modified 
Judkins’ technique in a side room attached to the 
coronary care unit. Images were recorded on video 
tape. The three day coronary arteriogram (together 
with left ventricular angiography) was performed in 
the cardiac catheterisation laboratory with multiple 
projections recorded on cine film. 

In one patient in whom a persistently occluded 
coronary artery was demonstrated equipment failure 
prevented recording of the acute phase coronary 
arteriograms on video tape. In a further four patients 
cardiac catheterisation at three days was not 
performed, because of clinical deterioration or death 
in three cases or the request of the referring 
physician in another one case. The remainder of the 
arteriographic recordings were complete and were 
reported by an independent cardiologist who is not 
an author of this paper. Patency was graded 
according to the criteria of the TIMI study group.!? 
Recanalisation was defined as a change from TIMI 
grade 0 or 1 to 2 or 3. Left ventricular ejection 
fraction was calculated by hand digitisation of end 
systolic and. end diastolic right anterior oblique 
angiographic frames with a microcomputer system 
(Commodore). 


ELECTROCARDIOGRAPHIC AND ENZYMATIC 
DATA 

A 12 lead electrocardiogram was recorded on 
admission, immediately before coronary 
arteriography, and again one, two, six, and 24 hours 
later. Recordings thereafter were performed every 24 
hours for three days. All electrocardiograms were 
recorded at the standard calibration of 1 mV/cm at a 
paper speed of 25 mm/second. ST segment elevation 
was measured 0-04 seconds after the end of the QRS 
complex. The sum of the ST segment elevation in all 
leads (ST) was calculated. The peak ST elevation 
for each patient was defined as the maximum )ST 
elevation within six hours of the first coronary 
arteriogram. The electrocardiograms recorded at the 
time of hospital admission and at three days were 
scored according to the 29 point system described by 
Palmeri et a/! on the basis of the Q and R wave 
duration and R to Q and R to S amplitude ratios. All 
electrocardiographic data were complete except for 
QRS scores at three days in the three patients who 
died. 

Serum creatine kinase activity was measured on 
admission to the hospital and thereafter at every four 
hours for 36 hours. A final measurement was made 
at 48 hours. The upper reference limit for our 
laboratory is 200 IU/L. One patient (group 1) was 
excluded from the enzyme analysis because of severe 
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but ultimately reversible rhabdomyolysis in the leg 
which complicated the acute catheter procedure. In 
the remaining patients 82% of the projected 
measurements were obtained. 


STATISTICAL ANALYSIS 

All averaged values are expressed as mean (SEM). 
'The distribution of discrete variables between 
groups was compared by y? testing. The median 
values between groups were compared by the Mann- 
Whitney test (non-parametric). Because there were 
three groups a total of only two comparisons was 
permitted. Those chosen were combined data for 
groups 1 and 2 versus 3 and the individual data for 
group 1 versus that for 2. ST segment and T wave 
changes were timed from the onset of chest pain. The 
rates at which PST elevation resolved were 
compared on the basis of time from onset of chest 
pain to 50% of peak YST elevation or to a YST 
elevation of <0-3 mV or less, whichever occurred 
first. 


Results 


CORONARY ARTERIOGRAPHY: ACUTE FINDINGS 
Coronary arteriography was performed 3-1 (0-2) 
hours after the onset of chest pain and was repeated 
90 minutes later at 4-6 (0-2) hours. In none of the 
patients was there significant collateralisation of the 


infarct related coronary artery. Three subgroups . 


were identified on the basis of the acute 
arteriographic findings. Group 1 was made up of 12 
patients with TIMI grade 2 or 3 patency of the 
infarct related coronary artery at the first study. In 
each case, despite critical (7 7095) luminal stenoses, 
the infarct related coronary artery remained patent at 
the follow up study. Group 2 was made up of 10 
patients in whom the infarct related coronary artery 
was occluded at the first study with early 
recanalisation at the follow up study. Group 3 was 
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made up of 19 patients in whom the infarct related 
coronary artery was occluded at the first study and in 
whom early recanalisation did not occur. 


CORONARY ARTERIOGRAPHY: LATE FINDINGS 
Approximately three days (65-6 (4-2) hours) after 
infarction, patency of the infarct related coronary 
artery was maintained in all group 1 patients, 
although only four had received anisoylated 
plasminogen streptokinase activator complex. In 
group 2 reocclusion occurred in one patient who had 
received anisoylated plasminogen streptokinase 
activator complex but patency was maintained in the 
remainder. In group 3 late recanalisation occurred 
in four patients, three of whom had received 
anisoylated plasminogen streptokinase activator 
complex. 


BASELINE VARIABLES (Table) 

There were no important differences between the 
groups in infarct location, history of previous 
infarction, or time from onset of chest pain to 
coronary arteriography. Baseline values for serum- 
creatine kinase, )ST elevation, and QRS scores were 
also similar. Only the treatment randomisation 
showed significant differences. Thus 90% of group 
2 received anisoylated plasminogen streptokinase 
activator complex compared with 33% and 37% of 
groups | and 3 respectively. 


SERUM CREATINE PHOSPHOKINASE 

Serial creatine kinase measurements during the 48 
hours after hospital admission showed an increase to 
more than twice the upper reference limit in every 
patient except one (group 1). Peak values occurred 
significantly earlier in groups 1 and 2 than in group 
3 (13-6 (1-5) versus 24-1 (1-1) hours, p < 0-01) (fig 1). 
Although there was no significant difference in the 
time to peak serum concentrations between groups 1 
and 2, creatine kinase release was significantly 











Table Baseline variables (mean (SEM) ) 
Group 1 Group 2 Group 3 
(Patent IRCA) ( Patent IRCA) (Occhuded IRCA) 
Number of patients 12 10 19 
History of previous infarction (n) 1 1 2 
Infarct location (%): 
Anterior 58 60 42 
Inferior 42 40 58 
Anisoylated plasrninogen streptokinase 33 90 37 
activator complex (%) 
Coronary arteriography (hours after 3-2 (0-4) 28 (04) 33 (03) 
onset of chest pain) 
ÈST elevation (m 14(03) 17(03) 1203 
Creatine kmase (IU/1) 265 (90) 165 (60) 148 (26) 
QRS score 3 (1) 4(1) 3 (1) 
IRCA, infarct related coronary artery 
Conversion: traditional units to SI un units—Creatine kinase: I IU/1 = 16 7 x 107? aukati. 
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Fig 1 Serum creatine kinase (CK) measurements during 
the 51 (0-2) hours after the onset of chest pain. Points and 
bars are mean values (SE) for groups 1 to 3. 
attenuated in group 1, rising to a peak serum 
concentration of only 1242 (415) IUJl (p < 0-05). 
Infarct location did not influence the enzymatic data. 


ST SEGMENT CHANGES 

Serial electrocardiogram recordings showed that 
YXST elevation was resolving during the first 
five hours after the onset of chest pain in groups 1 
and 2 (fig 2). In group 3, on the other hand, 
resolution was delayed to between five and nine 
hours. Thus the time to 50% reduction in XST 
elevation was significantly shorter in groups 1 and 2 
than in group 3(8:1 (1-7) versus 11-9 (2-4) hours, 
p < 0-01). The difference between groups 1 and 2 
was not significant. Infarct location did not influence 
the changes in ?ST elevation. 


INFARCT SIZE AT THREE DAYS 

Angiographic left ventricular ejection fraction three 
days after admission was well preserved in groups 1 
and 2 at 62(6) and 56 (6)95, respectively (fig 3). In 


group 3 the left ventricular ejection fraction was . 


significantly lower (45 (4)95; p < 0-05). QRS scores 
showed a similar trend; however the differences 
between groups were not significant. Nevertheless, 
the frequency of non-Q wave infarction was 
significantly higher in group 1 than in groups 2 and 
3 (42% versus 10% and 095; p < 0-05). 


Discussion 


In this study coronary arteriography during the 
acute phase of myocardial infarction confirmed that 
8 considerable proportion of patients have a patent 
infarct related coronary artery at the time of hospital 
admission. This is an important subgroup because, 
compared with patients in whom the infarct related 
coronary artery remains occluded, infarct size is 
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Fig 2 ST elevation during the 27 (0-2) hours after the 
onset of chest pain. Points and bars are mean values (SE) 
for groups 1 to 3. 
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Fig 3 Angiographic left ventricular (LV) ejection 
fraction and QRS score three days after admission. Mean 
values (SE) ara shown for groups 1 to 3. 


reduced as judged by attenuation of creatine kinase 
release, a high frequency of non-Q wave infarction, 
and preservation of left ventricular ejection fraction 
at three days. 

A simple non-invasive method for early 
identification of patients who present with a patent 
infarct related coronary artery would be of 
considerable clinical value, enabling the selection of 
specific treatment aimed at maintaining coronary 
patency. Our data, however, indicate that early 
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identification is not possible on the basis of 
electrocardiographic and enzymatic criteria obtained 
at the time of presentation. Nevertheless, serial 
analysis of ST segment shifts and serum creatine 
kinase values shows a pattern of changes that has 
striking similarities to patients in whom 
thrombolytic treatment leads to early recanalisation 
of the infarct related coronary artery. In both groups 
ST segment elevation resolves more rapidly and 
serum creatine, kinase peaks earlier than in patients 
with persistent occlusion of the infarct related 
coronary artery. Importantly, however, creatine 
kinase release is significantly attenuated in patients 
who present with a patent infarct related coronary 
artery, suggesting that myocardial damage may be 
less extensive in this subgroup.!? !? 

Further evidence for limitation of infarct size in 
patients with early patency of the infarct related 
coronary artery is provided by the data at three days. 
"These show that patients of this type have a higher 
frequency of non-Q wave infarction,!? ?? and better 
preservation' of left ventricular ejection fraction?! 
than patients in whom the infarct related coronary 
artery 1s persistently occluded. Thus the mean value 
for ejection fraction in patients who presented with 
a patent infarct related coronary artery was greater 
than 60% despite a small preponderance of anterior 
infarcts within the subgroup, which might have been 
expected to bias the data towards more extensive 
myocardial damage.?!?? Left ventricular ejection 
fraction was also well preserved in patients who 
showed early coronary  recanalisation after 
thrombolytic treatment. Persistent occlusion of the 
infarct related coronary artery, on the other hand, 
was associated with significant depression of left 
ventricular ejection fraction at three days. These 
trends were to some extent reflected by the QRS 
scores, which tended to be lower in patients who 
presented with, or who developed, early patency of 
the infarct related coronary artery. Nevertheless, not 
all investigators have found a good correlation 
between QRS scores and left ventricular ejection 
fraction in patients with acute myocardial 
infarction??~ ?5; this may explain why the differences 
between subgroups in the present study were not 
statistically significant. 

Prospective arteriographic studies defining 
telations between early spontaneous coronary 
patency, enzyme release, electrocardiographic 
changes, and infarct size have not previously been 
reported. Ong er al inferred spontaneous coronary 
recanalisation in a subgroup of patients who showed 
early peaking of serum creatine kinase and 
improvement in radionuclide left ventricular 
ejection fraction.2 The only available arteriographic 
studies, however, have been retrospective, based 
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upon documentation of coronary patency late after 
myocardial infarction.??^?? Studies of this type 
must be interpreted cautiously because in an 
indeterminate number of cases recanalisation will 
have occurred too late to exert an appreciable 
influence on the evolution of infarction. 
Nevertheless, the retrospective analysis reported by 
Hackworthy et al?” shows some concordance with 
our own data. These workers found early peaking of 
serum creatine kinase activity and rapid resolution of 
ST segment elevation in patients later shown to have 
a patent infarct related coronary artery. When 
compared with patients in whom the infarct related 
coronary artery was occluded, however, the 
differences were less pronounced than in the present 
study and showed greater variability within 
subgroups. This is probably related to the inclusion 
of patients with late recanalisation within the 
subgroup with patency of the infarct related 
coronary artery. This may explain why these 
workers were not able to demonstrate significant 
differences in infarct size (as reflected by creatine 
kinase release and ejection fraction) between patients 
with and without patency of the infarct related 
coronary artery. 

Our data demonstrated a significantly higher 
frequency of non-Q wave myocardial infarction in 
the patients who presented with a patent infarct 
related coronary artery (group 1). In two recent 
studies of non-Q wave myocardial infarction, the 
time to peak serum creatine kinase was shorter than 
in Q wave infarction and the frequency of patency 
of the infarct related coronary artery (demonstrated 
by predischarge arteriography at 11(3) days) was 
higher.?? ?? De Wood et al have also demonstrated a 
high frequency (74%) of coronary patency in 
patients catheterised within 24 hours of the onset of 
symptoms who went on to evolve non-() wave 
myocardial infarction.?? Direct comparisons with 
our own data, however, are difficult because in only 
one of these studies was early ST segment elevation 
an inclusion criterion.?? Nevertheless, the findings 
are in general agreement and bave led to speculation 
that the pathogenesis of non-Q wave myocardial 
infarction may involve spontaneous coronary 
recanalisation. This certainly provides the most 
plausible mechanism for early coronary patency in 
the present study, unless infarction was the result of 
critical reductions of coronary flow without complete 
arterial occlusion. Thus every patient in group 1 
presented with pronounced ST segment elevation 
suggesting recent coronary occlusion.*! Moreover, 
the rapid resolution of ST segment elevation was 
closely similar to that which occurred in patients 
who had recanalisation after thrombolytic treatment. 
It is possible to speculate, therefore, that early 
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coronary patency in group 1 was the result of 
endogenous thrombolysis occurring before coronary 
arteriography. Unsustained spasm may also have 
been a contributory factor, particularly since all 
patients in the study received nitrate treatment at 
admission to the hospital. 

Acute myocardial infarction with early patency of 
the infarct related coronary artery is not uncommon. 
In the present series it was found in 29% of the 
patients, all of whom underwent coronary 
arteriography less than six hours after the onset of 
chest pain. Importantly, our data have demonstrated 
that within this subgroup with early coronary 
patency, myocardial damage is often relatively 
limited even when compared with patients treated 
successfully with thrombolytic agents. Indeed, 
although thrombolytic treatment is now 
recommended for coronary recanalisation in acute 
myocardial infarction, this may not be appropriate 
when the infarct related coronary artery is already 
patent. More work is required to define the 
mechanisms of myocardial infarction in this 
subgroup and to identify early non-invasive 
diagnostic criteria. Ultimately this may permit the 
development of specific treatment strategies directed 
at maintaining coronary patency and preventing 
progression to total coronary occlusion. 


We thank Dr David de Bono, Department of 
Cardiology, Royal Infirmary of Edinburgh, who 
reported on all the coronary arteriograms obtained in 
this study. 
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SUMMARY Left ventricular performance was studied non-invasively in 24 chronic alcoholics 
without liver disease. Twelve patients who had abstained from drinking for at least one month 
(group A) and 12 sex and age matched patients who had ceased drinking during the preceding 24 
hours (group B) were studied at rest and during 50% submaximal exercise. Cardiac output and 
stroke volume were measured by first passage and left ventricular ejection fraction by multigated 
radionuclide cardiography. Twelve healthy sex and age matched controls were also studied. Hae- 
modynamic variables were similar in group A and the controls, except that in group A left - 
ventricular end systolic volume index did not decrease during exercise. In group B the heart rate 
was increased both at rest and during exercise and plasma noradrenaline concentrations were 
increased. The stroke volume index did not increase significantly during exercise in group B. In 
addition, the increase in left ventricular ejection fraction was smaller in group B than in controls. 
End systolic contraction was reduced in group B patients and diastolic blood pressure was 
increased. 

'These results suggest that cardiac abnormalities in chronic alcoholics may be reversed after 
cessation of drinking if no chronic liver disease is present. Recent alcohol consumption increases 
sympathetic nervous activity, impairs cardiac contractility, and increases afterload during 
physical stress. 


Preclinical cardiomyopathy is frequently found in 
chronic alcoholics.! * We have recently reported 
that determination of the left ventricular ejection 
fraction at rest and during exercise by radionuclide 
cardiography may be useful in the detection of sub- 
clinical cardiomyopathy in patients with alcoholic 
cirrhosis. There was a slightly increased left atrial 
dimension but no significant alterations of systolic 
time intervals and echocardiographic variables at 
rest in cirrhotic patients who had ceased drinking 
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compared with controls. These findings indicated 
thatat least some of the previously reported changes 
of cardiac function in chronic alcoholics? 5 "^? may 
be attributed to the influence of recent acute intoxi- 
cation. This concept is supported by the study of 
Reeves et al, who found no echocardiographic evi- 
dence of cardiac dysfunction in alcoholics after pro- 
longed abstinence.!? In addition, the importance of 
chronic liver damage in the evolution of alcoholic 
cardiomyopathy has been a matter of debate,!! +? 
the prevailing view being that overt cardiomyopathy 
is infrequent in cirrhotic patients. 

The present study was undertaken (a) to charac- 


_ terise left ventricular function at rest and during ex- 


ercise in chronic alcoholics without chronic liver 
disease, and (b) to evaluate the influence of recent 
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Left ventricular performance in alcoholic patients without chronic liver disease 


Table 1 Characteristics of patients and control subjects 
(medians with ranges in parentheses) 





oup " 
Group A Group B Controls 
Age (years) 44 42 43 

(37-59) (28-63) (30-56) 
Sex (M/F) 9/3 9/3 9/3 
Weight (kg) 69 67 76* 

(54-78) (49-86) (64-99) 
Height (m) 173 173 1:79 

(1 65-1 80) (1-59-1-80) (1-66-1-82) 
Body surfece 182 1-80 1-94* 
(m?) (1 61-1-98) (1 52-2 03) (175-215) - 


*p < 0 05 v: patient groups 


alcohol intake on left ventricular function in a simi- 
lar group of patients. 


Patients and methods 


PATIENTS 

All subjects gave their informed consent to the 
study, which was approved by the local ethics com- 
mittee. We studied 24 patients attending the alcohol 
clinic of Frederiksberg Hospital. Exclusion criteria 
were evidence of chronic liver disease, cardiac dis- 
ease (congenital, rheumatic, and ischaemic heart dis- 
ease; cor pulmonale; and atrial fibrillation), 
hypertension, diabetes mellitus, anaemia, and endo- 
crinological disorders. All patients had had a chronic 
alcohol intake of at least 100 g daily. Twelve patients 
(group A) with a history of 6—30 years (median 15 
years) had abstained for a median period of 2 months 
(range 1-11). Twelve carefully matched patients 
(group B) with a history of 7-30 years (median 13 
years) of alcoholism and abuse within the past 7 to 
45 days (median 15 days) were investigated within 
24 hours of their serum ethanol concentration falling 
to zero. All patients had started medical treatment 
with disulfiram, an abstention-supporting drug. 
Ten out of 12 patients in group B had received di- 
azepam, an anxiolytic drug, to relieve symptoms of 
abstinence during the preceding 24 hours. In a few 
patients an additional dose of 5 or 10 mg was admin- 
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istered at least an hour before the haemodynamic 
investigation. Table 1 outlines patient character- 
istics and data from the sex and aged matched 
control group. 


STUDY PROTOCOL 

Venous blood samples were drawn for biochemical 
liver function tests and to rule out the presence of 
ethanol in serum. In patients with abnormal bio- 
chemical data the tests were repeated two weeks later 
to rule out chronic liver disease. 

A bicycle exercise test was performed to deter- 
mine the 50% submaximal work capacity of the 
subjects. 

Radionuclide cardiography was performed with 
the patient upright at rest and during submaximal 
exercise corresponding to 50% of the maximal work 
capacity as determined by the exercise test. Auto- 
logous red blood cells were labelled in vitro with 
technetium-99m as previously described.!? Cardiac 
output was determined by the first passage radio- 
nuclide technique.!* A bolus of approximately 14 
mCi (518 MBq) was injected into the right basilic 
vein and flushed with 20 ml of saline. T'he bolus pas- 
sage was registered with a Siemens ZLC cardiac 
gamma camera equipped with a low energy all pur- 
pose parallel hole collimator in the left anterior 
oblique position with a 5 to 10? caudal tilt over the 
precordium. The first passage and equilibrium data 
were acquired by connecting the gamma camera to a 
Scintiview II nuclear medicine computer (Siemens). 
Stroke volume was determined as cardiac output di- 
vided by heart rate. The left ventricular ejection 
fraction was determined by multiple 
electrocardiogram-gated cardiography as described 
in detail elsewhere. Left ventricular end diastolic 
volume was determined as stroke volume divided by 
left ventricular ejection fraction, and left ventricular 
end systolic volume as left ventricular end diastolic 
volume minus stroke volume. 

Ascultatory blood pressure, heart rate, and plasma 
catecholamine concentrations were recorded during 


Table2 Heart rate and blood pressure at rest and at submaximal workloads (medians with ranges in parentheses) 





Group A 
Rest Exercise 
Workload (W) — 75 
(65-100) 
Heart rate (beats/min) 78 122 
(62-100) (100-140) 
Systolic BP (mm Hg) 120 150 
(110-140) (130-170) 
Diastolic BP (mm Hg) 85 85 
(60-~ 90) (75-100) 


*p < 005 os other groups. tp < 0-05 us rest BP, blood pressure. 





Group B Controls 

Rest Exercise Rest Exercise 

en 50* — 90 

(25-8 (60-140) 

100* 135* 85 120 
(70-130) (120-145) (63-100) (95-133) 
135 165 125 170 

(105-180) (130-195) (110-145) (120—205) 
90 105t 85 90 
(80-110) (85-115) (75-95) (70-105) 
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Figl Median values of (a) cardiac index and (b) stroke volume index at rest and during exercise in group A, 


group B, and controls. *p < 0-05 vs controls. 


the radionuclide data acquisitions. Plasma adrenal- 
ine and noradrenaline were measured by a single- 
isotope derivative assay.!5 16 

Data analyses were carried out by observers who 
were not aware of the group to which the patient 
belonged. 


STATISTICAL ANALYSIS 

Statistical analyses were carried out by the rank sum 
tests for paired (Pratt) and unpaired observations 
(Mann-Whitney). The results were expressed as 
median values and ranges. A p value «0-05 was 
considered significant. 


Results 


The 50% submaximal workload in group A did not 
differ significantly from that in the control subjects, 
whereas the workload in group B was significantly 
reduced (p «0-05) (table 2). Heart rate was in- 
creased in group B both at rest and during exercise 
(p «0-05), but the heart rate changes in response to 
exercise were of the same magnitude in the three 
groups. There was an abnormal rise in diastolic 
blood pressure during exercise in group B (table2). 

Cardiac index tended to be lower in group A than 
in the controls (0-05 « p « 0-10). There were no 
significant differences between stroke volume index 
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Fig2 (a) Left ventricular ejection fraction at rest 
{LVEF n» and (b) the increase in LVEF during exercise 

( ^ LVEF). Bars are median values. tp < 0:05 vs group A; 
*p < 0-05 us controls, 
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Fig3 Median values of left ventricular end diastolic 
volume index (LVEDVI) and left ventricular end systolic 
volume index (LVESVI) at rest and during exercise. 

*p < 0-05 vs patient groups. 


at rest in the three groups. During exercise, how- 
ever, stroke volume index was significantly lower in 
group B (median 27 ml/m?) than in the controls 
(median 36 ml/m?), p «0:05 (fig 1). 

There was a wide range of results for left ventricu- 
lar ejection fraction in groups A and B (fig 2). Left 
ventricular ejection fraction at rest was higher in 
group À than in group B (p «0-05). The increase in 
left ventricular ejection fraction from rest to exercise 
was 9% in group B and 12% in the controls (p 
« 0-05) (fig 2). 

Figure 2 shows the left ventricular volumes in the 
three groups. The left ventricular end diastolic vol- 
ume index at rest was slightly lower in group A than 
in the controls, but this difference did not reach sta- 
tistical significance (0-05 < p < 0-10). There were 
no significant changes in end diastolic volume from 
rest to exercise in any of the groups. The left ven- 
tricular end systolic volume index fell significantly 
in the controls but not in either group A or B (fig 3). 
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Plasma adrenaline concentrations at rest were 
similar in the three groups, and the increases in re- 
sponse to exercise were of the same magnitude (table 
3). Plasma noradrenaline concentrations were not 
significantly different in group A and controls. In 
group B, however, plasma noradrenaline at rest was 
significantly higher than in group À or the controls 
(p < 0:05). During exercise plasma noradrenaline 
concentrations were higher in group B than in group 
A (table 3). 


Discussion 


In the present study we measured central hae- 
modynamic variables at rest and during submaximal 
exercise in patients with chronic alcohol abuse. Only 
seven patients had a history of alcohol abuse of < 10 
years. In patients who had abstained from drinking 
for at least a month (group A) only three patients 
had an increase in left ventricular ejection fraction 
during exercise of <7%, suggesting that cardiac 
contractility was preserved in most patients of this 
group. In a previous study of patients with a com- 
parable alcohol history we found left ventricular 
ejection fraction abnormalities in 12 out of 15 pa- 
tients. None of these patients were abusing alcohol 
at the time of investigation but all had biopsy- 
confirmed alcoholic cirrhosis. Comparison with the 
present results suggests that the development of 
chronic liver damage may have a role in the patho- 
genesis of alcoholic cardiomyopathy. This concept is 
supported by reports of severe cardiac failure devel- 
oping in patients with alcoholic cirrhosis.” In an- 
other study it was reported that most of the hepatic 
changes found at necropsy of patients with alcoholic 
cardiomyopathy could be related to effects of acute 
and chronic congestive heart failure.!! Ahmed et al 
evaluated cardiac haemodynamic function in alco- 
holic patients with and without cirrhosis and found 
that although overt cardiomyopathy was infrequent 
in cirrhotic patients, asymptomatic myocardial dis- 
ease might become clinically important during 
volume or pressure overload. '? 

In our study the left ventricular end systolic vol- 
ume index failed to decrease significantly during ex- 


Table 3 -Plasma catecholamine concentrations at rest and during exercise (medians with ranges m parentheses) 


Group A 

Rest Exercise 
Adrenaline (ng/ml) 0 04 009 

(0 02-0 20) (0 04-0 38) 
Noradrenaline (ng/ml) 051 072 

(0 42-1 14) (0 46-1-17) 


Group B Controls 

Rest Exercise Rest Exercise 

004 010 005 0-10 

(0 00-0 07) (0 03-0 15) (0 01-0 10) (0 03—0-18) 
* L07f 05 091 

(0-54-1 72) (0-62—2-14) (0 26-1 09) (0 64-1 77) 


*p < 005 vs other groups. tp < 0 05 vs group A. Conversion: traditional units to SI—adrenaline: 1 ng/ml = 5 46 nmol/l; noradrenaline: 


1 ng/ml = 5 91 nmol/l. 
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ercise in both patient groups. In the face of a mean 
arterial blood pressure that was not higher than that 
in the control subjects, this result may be taken to 
indicate a reduction in cardiac contractility during 
physical stress, even in alcoholic patients without 
chronic liver disease. 

The acute effects of alcoho! intoxication on left 
ventricular performance have been thoroughly in- 
vestigated in healthy subjects not consuming alcohol 
each day.!®~?4 The results of these studies are 
conflicting, although the prevailing view is that in- 
toxication depresses myocardial contractility. In two 
recent controlled non-invasive studies acute alcohol 
intoxication reduced stroke volume? and left ven- 
tricular ejection fraction.?® In a study of cardiac per- 
formance in the hangover phase of acute alcohol 
intoxication heart rate, left ventricular ejection frac- 
tion, and cardiac output were increased.?” Thus 
acute and recent intoxication would be expected to 
influence the results of haemodynamic in- 
vestigations. Whereas patients of group A in our 
study were investigated at least one month after al- 
cohol abstention, group B patients were examined 
within 24 hours after an alcohol excess. The two pa- 
tient groups were matched in all respects except 
their drinking habit. Thus the differences in hae- 
modynamic variables between group B and group A 
may be attributed entirely to recent alcohol intoxi- 
cation in group B. Despite the reduced physical 
work capacity in group B, the workload applied to 
these patients was sufficient to produce an increase 
in heart rate similar to that in the other two study 
groups. Heart rate was increased both at rest and 
during exercise in group B, but otherwise there were 
no other haemodynamic alterations to indicate an in- 
crease in left ventricular performance. On the con- 
trary, the lower left ventricular ejection fraction at 
rest, the small and insignificant increase in stroke 
volume from rest to exercise together with a reduced 
increase in left ventricular ejection fraction, and an 
insignificant decrease in left ventricular end systolic 
volume index suggest that cardiac contractility was 
impaired in alcoholic patients early after cessation of 
alcohol intake. 'T'he role of alcohol-induced hyper- 
tension in the development of alcoholic cardio- 
myopathy has been emphasised.?? None of our 
patients had hypertension, but we cannot exclude 
the possibility that the abnormal rise in diastolic 
blood pressure during exercise in group B patients, 
which increased the afterload, may have contributed 
to the reduced left ventricular performance.?? 

Plasma catecholamine concentrations in group À 
did not differ from those in the control subjects, and 
no alterations were found in the plasma adrenaline 
concentrations in any of the patient groups. The in- 
creased plasma noradrenaline concentrations in 
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group B were probably a result of the recent intoxi- 
cation.?? An increase in sympathetic nervous activ- 
ity was also reflected by the increased heart rate. The 
concomitant increase in left ventricular performance 
in the early alcohol withdrawal phase described pre- 
viously,?" and recently supported by a study of 
healthy volunteers in our laboratory (unpublished 
data), however, could not be demonstrated in the 
alcoholic patients. 

We examined left ventricular performance at rest 
and during 50% submaximal exercise in chronic al- 
coholics without liver disease. We found a reduced 
end systolic contraction during exercise in patients 
who had abstained from drinking for at least a 
month. In patients who had ceased drinking only 
within the past 24 hours sympathetic nervous activ- 
ity was increased. Physical work capacity was re- 
duced and left ventricular performance in response 
to exercise was abnormal. A reduced increase in 
stroke volume index and left ventricular ejection 
fraction reflected an impaired left ventricular con- 
tractility in the face of an increased afterload and 
despite an increase in sympathetic tone. Most of the 
changes in cardiac function in these patients will not 
be disclosed unless they are exposed to physical 
Stress. 
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SUMMARY Seventy two consecutive patients with severe isolated aortic regurgitation were evalu- 
ated by preoperative echocardiographic and angiographic assessment of the aortic root. Biopsy 
specimens of the aortic wall were taken at operation. Two major groups of patients were found: 
those with cusp derangement but normal aortic roots and those with normal cusps but dilated 
aortic roots. Of the 42 cases of abnormal cusps, 20 were rheumatic, 15 were infective, and six were 
bicuspid. One patient had a tear in an otherwise normal cusp. Of the 30 cases of abnormal roots 
but normal cusps, six had inflammatory changes (syphilis, Reiter's disease, giant cell aortitis) and 
24 had root dilatation caused by non-inflammatory destruction of elastic laminae. Echo- 
cardiographic measurement of the aorta at the level of the top of the commissures predicted the 
findings at pathology. In 37 of 39 patients with cusp disease the measurement was <37 mm. In 
27 of 33 patients with root disease the measurement was >37 mm. This difference was statisti- 
cally significant. There was no difference in the sizes of the prosthesis used in each group, 
suggesting that it was the diameter of tbe junction of the aorta with the sinuses rather than 
the junction of the sinuses with the ventricle that was important in aortic regurgitation. 

Clinical progression in patients with non-inflammatory aortic root disease is slower than in 
patients with infective disease but faster than in those with rheumatic cusp disease. 


Isolated aortic regurgitation has many known causes 
yet in a high proportion of patients who require 
valve replacement the exact aetiological diagnosis is 
uncertain. Because of this some clinical reports of 
patients with isolated aortic regurgitation have not 


removed at operation and with biopsy specimens of 
the aortic root. 


Patients and methods 


distinguished between aetiological groups that may 
have different rates of progression.!? In studies 
where aetiology was considered, it was unknown in 
22-25% of the patients.?^ We have undertaken a 
prospective study in which the clinical course, pre- 
operative echocardiograms of the aortic valve, and 
aortograms were correlated with studies of the cusps 
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We studied 72 (15 women aged 19-72 and 57 men 
aged 22-73) consecutive patients who had aortic 
valve replacement for isolated aortic regurgitation. 
Forty six patients were of British origin and 26 were 
foreign, mainly from the Middle East. All had 
symptoms: nine were in New York Heart Associ- 
ation class I, 18 in class II, 26 in class III, 15 in class 
IV, and four patients were operated on as 
emergencies because of rapidly worsening symp- 
toms at rest. Dyspnoea was present in 94% of the 
patients, angina in 35%, and syncope or near 
syncope in 7%. Eighteen patients or 25% of the total 
had evidence of active or treated infective endo- 
carditis. 
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In assessing the progress of symptoms in different 
subsets of this cohort of patients the concept of a 
"break-point" was used.* This was the interval 
between the first appearance of symptoms and the 
time at which symptoms intensified to greater than 
New York Heart Association class II or required 
both digitalis and diuretics. 

Preoperative electrocardiograms showed left 
ventricular hypertrophy in 85°% of the study group 
and probable left ventricular hypertrophy in another 
11%. The Romhilt-Estes criteria were used, and 
the mean (SD) score was 7-4 (2-4).5 

M mode echocardiography was performed on all 
patients before operation.? The transducer was 
placed over the fourth left intercostal space; angu- 
lation of the transducer medially and cephalad per- 
mitted visualisation of the aortic root. The widest 
dimension that still kept the free edge of the cusps in 
view was recorded. Ultrasound frequency was 2-25 
MHz. Aortic dimensions were measured by callipers 
initially, and these were subsequently verified by 
digitising the tracings with the Numonics Computer 
System. 

Ninety two per cent (66/72) of the patients under- 
went cardiac catheterisation including aortography. 
Of those who did not have a catheter study, three 
were under 40 years of age making additional coro- 
nary artery disease unlikely. In the other three 
patients urgent surgery was indicated and catheter 
evaluation was thought inappropriate. In no patient 
was there another cardiac diagnosis sufficient in 
itself to warrant surgical intervention. 

"There was no pressure gradient between the left 
ventricle and the aorta on pull back tracings in 49 
patients. Minor peak-to-peak gradients of five to 25 
mm Hg were noted in 14 patients. Three patients 
with peak-to-peak gradients of 26-35 mm Hg were 
included because on clinical grounds the diagnosis 
was severe aortic regurgitation rather than aortic 
stenosis. 

At operation, patients were given Hancock por- 
cine heterograft valves (45), Starr Edwards (Model 
1126U) ball and cage prostheses (12), or fresh nutri- 
ent homografts (15). 

Biopsy specimens were taken 1 cm above the com- 
missures from the edge of the aortotomy site and 
averaged 10 x 4mm in size. Haematoxylin and 
eosin and Weigert-van Gieson's elastic tissue stains 
were used. The cusps were photographed before 
histology. The cusp area was measured by digitising 
the photographs. Echocardiographic and patholo- 
gical examination were independent of any knowl- 
edge of the clinical findings. 

The size of the lower border of the aortic annulus 
in each patient was assessed by the type and size of 
the prosthesis implanted. Patients in whom a homo- 


graft valve was inserted were excluded. Normal aor- 
tic valves were obtained from 35 necropsies on 
patients dying suddenly from non-cardiac causes 
and whose isolated left ventricular mass lay within 
the normal range for a subject with their total body 
mass. The aortic valve was fixed in the closed posi- 
tion by perfusion of the cross clamped aorta with 
formal saline at a hydrostatic pressure equivalent to 
100 mm Hg. 

Statistical analysis? included one-way analysis of 
variance to compare groups of patients. 


Results 


NORMAL VALVES 

In normal aortic valves the total (mean (SD)) cusp 
area was 838 (139) mm! and bore a linear relation to 
the cross sectional area of the aortic root at commis- 
sural level (r = 0-69), 


REGURGITANT VALVES 

There were two groups of abnormal valves: those 
with a normal aortic root in whom abnormal cusps 
were responsible for the aortic regurgitation and 
those with an abnormal aortic root and basically nor- 
mal cusps altered only by the secondary changes 
resulting from regurgitation. 

Cusp disease was responsible for aortic regur- 
gitation in 42 patients (58:3*,) (table). In twenty 
(27-794) the leaflets were shrunken, thickened, and 
retracted with reduction in the distance from base to 
the free edge (fig 1). This is typical of chronic rheu- 
matic disease. The mean (SD) total cusp area was 
575 (96) mm", significantly less than normal valve 
cusps (p « 0-001). Microscopical examination 
confirmed that the fibrosis had obliterated all normal 
cusp structure. 

Fifteen patients with infective endocarditis had 
well defined perforations in the central area of the 
cusp associated in three instances with cusp 


Table Aetiology of aortic regurgitation in 72 cases 


EE aa 
Aetiology No 





Cusp disease: 
Rheumatic 20 
Infective 15 
Bicuspid & 
"Torn cusp H 

Total 42 (583%, 


Root disease: 


Non-inflammatory 24 
Inflammatory é 
Syphilis (3) 


Reiter’s disease (1) 

Ankylosing spondylitis (1) 

Giant cell aortitis (1) 
Total 





Fig 1 
aortic incompetence (a 
cusps of rheumatic disease are smaller and thickened by 

The cusps in root 
disease are larger and of normal thickness with only minimal 


Comparison of excised aortic cusps in rheumatic 
The 


and aortic root disease (b 
fibrosis extending from the base to free edge 


fibrous thickening of the free edge 


aneurysms. Nine of the infections were on bicuspid 
valves and six on tricuspid valves. 

Six patients had non-infected bicuspid valves in 
which the leaflets were either strikingly unequal in 
size (fig 2) or had one leaflet with a deep notch in the 
free edge. One patient had a bicuspid valve with 
superimposed rheumatic heart disease and one 
patient had a spontaneous tear of a normal cusp. 

Disease of the aortic root was present in 30 
patients (table). Six of these were found to have 
inflammatory infiltration, usually in focal areas, 
associated with destruction of the aortic media. With 
the exception of one patient whose biopsy specimens 
included large numbers of giant cells, the chronic 
inflammatory response was non-specific. Clinical 
information allowed the diagnosis of syphilis in 
three of these patients, ankylosing spondylitis in 
one, and Reiter’s disease in another. 

In contrast, the remaining 24 of these 30 patients 
had non-inflammatory aortic root disease. Five of 
these 24 patients had coexistent bicuspid valves. 
The histological picture was that of patchy 
disruption and destruction of smooth muscle and 
elastic tissue in the aortic media, The degree of 
medial destruction varied, but all showed deposition 
of connective tissue mucins in areas of elastic fibre 
destruction (figs 3a-c). There was no inflammatory 
infiltrate within the media. The mean (SD) total 
cusp area in the patients with a tricuspid aortic valve 
was 942 (95) mm?. The total aortic cusp area was 
higher than in normal hearts (mean 942 vs 838 mm? 
p < 0:025). The cusps in these patients were thin, 
translucent, and pliable, and appeared normal in 
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every way (fig 1). The only structural abnormality 
was an area of thickening caused by linear fibrosis on 
the free edge of the cusp. Histological examination 
did not show destruction or myxoid degeneration of 
the fibrous centre of the cusps. At the free edge, 
there was a knobbed fibrous thickening (fig 4) 


ECHOCARDIOGRAPHY 

All patients demonstrated left ventricular volume 
overload and diastolic fluttering of the anterior 
mitral leaflet or the septal endocardium and in some 
there was premature closure of the mitral valve. 

The mean (SD) diameter of the aortic root at the 
level of the free edge of the aortic cusps in those 
patients subsequently found to have abnormal cusps 
was 32-1 (5:1) mm (fig 5). In patients with histo- 
pathological evidence of root disease the mean (SD 
diameter was significantly larger (p < 0:001) (42:3 
9-0) mm) (fig 6). Despite the difference in aortic 
root size, the diameter of the lower aortic ring or 
annulus as judged from the size of the prosthetic 
valves implanted was not different in the two groups 
25-8 mm vs 26:3 mm). 

The pathological findings in individual patients 
were predicted by the preoperative echocardio- 
graphic assessment of the valve. Thirty nine patients 
had root diameters at the commissural level of 

37 mm. Of these, 37 (95°) were found at surgery 
to have normal aortic roots with the aortic regur- 
gitation caused by cusp disease. Of those 33 patients 
with aortic root diameters 2 37 mm, 28 (85",,) were 
later found to have disease of the aortic wall account- 
ing for the regurgitation. This difference is highly 
significant (p « 0-001). 





Bicuspid aortic valve in which one cusp is larger and 
of a different shape than the other. 


Fig 2 
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Fig3 Increasing degrees of aortic medial destruction caused 
by non-inflammatory disease. In the normal aorta (a) th: 
media contain regularly arranged elastic laminae. In ib 

there are focal areas in which the laminae have vanished 
leaving spaces containing fine collagen. In ic) the media are 
almost entirely replaced by fibrous tissue with only small 
tslands of residual elastic laminae. By this stage the media 
are much reduced in width. A,adventitia; In, intima 
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Fig 4 Histological section across the cusp in aortic root 
disease. The body of the cusp ( arrows ) ts of normal thickness 
and structure. The free edge has a round mass of collagen 
superimposed on the underlying structure. There are no 
vessels in the valve (elastic van Gieson stain, original 
magnification x 20). 


When 37mm was used as the dividing line 
between normal and abnormal aortic roots, 
separation of the two groups is achieved with a 
sensitivity of 96:7",, a specificity of 88:1^,, and a 
diagnostic accuracy of 91:6", 

The echocardiogram was also predictive of cusp 
pathology. In the patients with rheumatic disease 
the aortic leaflets were generally found to be thick- 
ened with heavy diastolic echoes (fig 5). The mitral 
valve apparatus was not found to be entirely normal 
on echocardiographic examination in any of these 
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patients, even though in no case would mitral valve 
surgery have been contemplated. In patients with 
abnormal aortic roots the presence of a double echo 
from the free edge of the cusps (fig 6) was matched 
by finding fibrous thickening of the cusp edge in the 
operation specimen. 

Eccentricity of the aortic valve closure line was 
seen in seven cases all of which had bicuspid valves. 
Thirteen patients without eccentric closure lines 
also had bicuspid valves, however. 


ANGIOGRAPHY 

Angiographic examination confirmed the clinical 
impression of severe aortic regurgitation. The 
degree of regurgitation was estimated by con- 
ventional criteria: width of the regurgitant jet, 
degree of opacification of the left ventricle, and 
rapidity of clearance of the dye from the left 
ventricle." 

The aortic root where cusp disease was 
responsible for the regurgitation was normal in size 
and marked by a definite waist just above the sinuses 
of Valsalva (fig 7). In cases in which aortic root 
abnormality was advanced, there was complete 
effacement of the aortic waist (fig 8). 


PROGRESSION OF AORTIC REGURGITATION 

Assessment of rate of progression of symptoms 
according to aetiological diagnosis showed that the 
course of disease differed in the three largest groups 
(fig 9). The mean (SD) course from the onset of 
symptoms to the break point was long in those with 





Fig5 M mode echocardiogram of rheumatic aortic 
regurgitation. (a) The mitral valve shows diastolic flutter of 
the anterior cusp and the posterior cusp ts abnormal, 
indicating mild rheumatic disease. ( b) The aortic root is not 
enlarged and the cusps are thickened. 
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Fig 6 M mode echocardiogram of aortic regurgitation caused by a dilated aortic root, The diameter of the aorta at 
commissural level is 4:3 cm. The free edges of the cusps produce a double echo (arrow). 


rheumatic disease (82:6 (68) months) and short in 
those with infective endocarditis, either controlled 
or uncontrolled (10:1 (19) months. In those with 
non-inflammatory aortic root disease there was an 
intermediate course (20:6 (24:3) months). These 
differences are highly significant (p < 0-001). 


Discussion 


An understanding of the pathophysiological mech- 
anisms of aortic regurgitation requires a review of 
the normal anatomy and function of the valve. For 
such a purpose normal aortic valves were fixed in the 
closed position under a hydrostatic pressure equiv- 
alent to 100 mm Hg. This provided for distension of 
the sinuses of Valsalva to a degree approximating 
their position in life (fig 10). When thus examined, 
the aortic root was seen to consist of a sleeve of about 
15cm in length bounded by ring-like structures 
both above and below with a distended area, the 
sinuses, in between. The lower ring, which lies 


below the cusps (fig 11) and forms the attachmen 
the aorta to the left ventricle, is made up in part t 
the myocardium of the upper interventricular sey 
tum and in part by the base of the anterior leaflet 
the mitral valve. Its fibrous support structure car 
dissected out as part of the so-called cardiac skeleto: 
and is familiarly, but perhaps misleadingly, know 
as the aortic annulus. The upper border of the aort 
sleeve forms another definite circular ring at tł 
level of the attachment of the aortic commissur 
and forms a major part of the structural support f 
the cusps. This has been termed the supra-aort 
ridge or sinotubular junction. The cusps are cor 
tained within the aortic sleeve and meet at the con 
missures which are attached to the supra-aort 
ridge. Just above the sleeve with its enclosed cusp 
the more familiar smooth muscle layers and elast 
laminae of the wall of the tubular portion of t! 
ascending aorta merge with the more collageno 
connective tissue of the sleeve. The tissue of the ao 
tic sleeve bulges outward in life more than the elast 
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Fig 7 
aortic root with normal leaflets 


Aortic regurgitation caused by gross dilatation of the 


containing aorta and forms the sinuses of Valsalva. 

Examination of the closed aortic valve from above 
reveals that cusp support depends on two factors, 
the firm fixation of the cusps to the supra-aortic 
ridge at the commissures and the abutting of the 
ventricular surfaces of adjacent cusps. Examination 
of the ventricular face of the cusps shows a central 
nodule or corpus Arantii from which ridges extend 
to the fixed edges of the cusp where it merges with 
the wall of the aortic sleeve. This ridge forms the 
true line of closure or apposition of each cusp as it 
abuts its neighbour, Above the line of closure, a 
more filamentous area of each cusp (lunula) provides 
a measure of overlap with a similar portion of the 
abutting cusp. The free edge of each cusp at the 
outer edge of this filamentous area acts like a guy- 
rope supporting the cusp in diastole. In older 
patients, fenestrations are commonly noted in the 
lunulae; these have no functional importance since 
the communication is only between aortic sinuses 
above the line of closure. The linear relation 
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between aortic root diameter at the commissural 
level and the total cusp area agrees closely with other 
published data.” 

The pathogenesis of the three large groups of aor- 
tic regurgitation in the present series can now be 
evaluated in light of the above anatomical descrip- 
tion. Patients with infective endocarditis posed no 
conceptual problem since there was a hole in the 
body of the cusp in all our surgical cases. Patients 
with chronic rheumatic disease had shrunken, 
retracted, and thickened cusps and reduction in cusp 
area relative to a normal aortic root area caused 
regurgitation. 

In the patients with non-inflammatory aortic root 
disease the cusps were structurally normal save for 
an area of thickening on the free edge thought to be 
secondary to rather than causative of the aortic 
regurgitation. The total aortic cusp area is greater 
than in normal hearts. There was, however, a con- 
stant relation between cusp area and aortic root size 
in normal hearts without aortic regurgitation and as 





Fig 8 Aortic regurgitation caused by cusp disease. The 
normal architecture of the root including the waist marking 
the insertion of the upper border of the aortic ring into the 
root of the aorta is effaced. 
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82.6 (68) 


77 (5:8) months 


o oon meeacaane 


20:6 (24:3) 





10:1 (19) 


DH 


6:75 (5-7) months 


Aortic root dilatation 





45 (9:5) months 


Infective endocarditis 


A: Onset of symptoms B: Breakpoint at > class II or both digoxin and diuretics required 


C: Operation 


Fig9 Onset of symptoms, breakpoint increase in symptoms ( > New York Heart Association 
class II or a requirement for both digitalis and diuretics), timing of surgery in patients with aortic 
regurgitation caused by rheumatic disease, aortic root dilatation, and infective endocarditis. 


the diameter of the aortic root increases with age 
there is a concomitant increase in cusp area.” This 
Suggests that any increase in aortic root size is 
matched inevitably by some remodelling of the aor- 
tic cusps. Regurgitation develops when there is dis- 
proportionate or rapid dilatation of the root relative 
to the increase in cusp size. Symmetrical dilatation 
of the upper border of the aortic sleeve causes a cen- 
tral defect that cannot be closed by the cusps. One 
cusp often has a straight free edge forming a “bow 
string" across the aortic root (fig 12). If the 
dilatation is eccentric one cusp may lie at a different 
level to its abutting neighbour (fig 13). 

No differences were noted in the size of the aortic 
ring at the level of the prosthetic valve suture line in 
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Fig10 Normal aortic valve viewed from the aorta after 
fixation in the closed position by a pressure head of 

100 mm Hg formal saline. The valve cusps are tightly 
apposed. The sinuses bulge outward and there is a distinct 
ridge (arrows) where the upper aortic valve ring joins the 
aorta. The commissures of the valve are attached to this 
ridge. Bar = I cm. 


" 
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groups of patients with aortic regurgitation oí 
differing aetiologies, and this reinforces the view 
that the ventricular aspect of the aortic ring is largel: 
irrelevant to the causation of aortic regurgitation 





Fig 11 
lower border of the aortic ring just below the cusps is formed 
in part by the muscle of the interventricular septum (IVS 
and also by the base of the anterior cusp of the mitral val 
(arrow). Ao,aorta; LA, left atrium. 


Long axis transection of the normal aortic root. Th 
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Fig 12 Aortic valve in a case of aortic regurgitation caused 
by root dilatation. ( Fixation as in fig 10.) The whole aortic 
root has dilated leaving a large central defect where the cusps 
fail to appose. The cusps have normal bodies but distinct 
roiled fibrous edges. Root diameter 4:5 cm. Bar — 1 cm. 


On the contrary, the upper border of the aortic ring 
or annulus, which provides most of the support for 
the valve cusps at their commissures, is of vital 
importance and when its structural integrity is com- 
promised important aortic regurgitation results. 

In keeping with this view, Reeves er a/ reported a 
lack of correlation between echocardiographic mea- 
surements of supposed aortic root size and that indi- 
cated by the size of the prosthetic valve.'? This 
could have been predicted since the echo beam 
traverses the aorta at the level of the top of the com- 
missures, whereas it is the lower portion of the aortic 
ring at the base of the cusps, not measured by echo- 
cardiography, to which the prosthesis is sutured. It 
is clearly vital to define the exact site of “aortic root" 
measurements. 

The appearance of symptoms in aortic regur- 
gitation depend in large measure upon the ability of 
the left ventricle to handle a diastolic volume load. 
In the short term the amount of regurgitant flow 
depends on the size of the regurgitant orifice, the 
duration of diastole, the gradient between aortic 
diastolic pressure and left ventricular end diastolic 
pressure, and the distensibility or compliance of the 
left ventricle. The conventional view appears to be 
that in the chronic state it is not the amount of regur- 
gitation that changes, but rather the ventricle.!! ^ '? 
'This may be true in patients with chronic rheumatic 
valvulitis, in which the progress of scarring and 
retraction of the cusps change very slowly and this 
allows time for the left ventricle to compensate. 
Only when the compensatory mechanisms fail do 
symptoms occur. 

In patients with non-inflammatory root disease it 
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is not difficult to envisage an increase in the size of 
the regurgitant orifice as the root dilates and the 
upper aortic ring enlarges; the ventricle is therefore 
required to compensate not for a constant amount of 
regurgitation but for one which increases with time. 

The present study accords closely with an analysis 
of the aetiolegy of 225 cases of pure aortic regur- 
gitation coming to surgery over a 15 year period at 
the Mayo Cliaic'* which also emphasises that aortic 
root dilatation is now a common cause of pure aortic 
regurgitation in Western populations. Several 
groups have described aortic root dilatation both in 
Marfan’s syndrome and what are regarded as “for- 
mes frustes" without any other manifestation of 
Marfan’s syndrome known as annulo-aortic ectasia; 
in all these reports aortic regurgitation was attrib- 
uted to aortic root dilatation. '" 

In contrast others have described a condition in 
which regurgitation has been attributed to “floppy” 
aortic cusps.'* °° It is postulated that myxoid 
degeneration of cusp tissue leads to enlargement of 
the cusp and prolapse toward the ventricle allowing 
regurgitation despite a normal aortic root. The con- 
dition is regarded as analogous to floppy mitral 
valves with which it has been described to co- 
exist.?! The present study and the larger series from 
the Mayo Clinic!* do not contain any such cases. 
The conditicn does exist (fig 14) and when it is 
present the cusps are soft, nodular, thickened, and 
with pronounced elongation of the lunular area 
despite an aortic root of normal size. Over a 10 year 
period only two cases have been seen at St George's 
Hospital; neither is reported in the present series. 





Fig13 Aortic valve in a case of aortic regurgitation caused 
by root dilatation. ( Fixation as in fig 10.) The supra-aortic 
ridge associated with one sinus is lost and the root is dilated. 
The cusp related to the dilated sinus lies at a higher level 
than the other cusps. Bar — 1 cm. 
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Fig 14 


Valve cusps from a case of aortic regurgitation 
caused by “floppy” aortic valve cusps. The cusps are nodular 
and thickened without an appreciable increase in surface 
area. Unlike the cusps in rheumatic disease these felt soft and 
pliable; the lunulae of the cusps are elongated. The 
dimensions of the aortic root were normal 


Histologically the cusp fibrosa is disrupted and con- 
tains an excess of acid connective tissue mucins. 
One study of 55 cases of aortic regurgitation 
ascribed 13 cases to floppy cusps but it may be 
significant that the size of the aortic root was not 
measured.^" A study from Italy found 12 (7-3%, 
floppy aortic valves in 177 cases of pure aortic regur- 
gitation.?? There may either be a true geographical 


J 


variation or different morphological definitions of 


what is called a “floppy” aortic valve. Before a sepa- 
rate primary abnormality of the cusps is diagnosed 
the aortic root which supplies structural support for 
the cusps must be seen to be normal in size and mor- 
phology. Patients with mitral valve prolapse without 
Marfan's syndrome do not usually have aortic root 
dilatation.?? 

There may be a fundamental difference between 





patients with isolated aortic regurgitation cai 
aortic root dilatation and those with mitral reg 
gitation caused by floppy valves. The former pr 


lem is marked by disruption or dissolution of elas 
tissue in the aortic root and the valve leaflets ar 
mal. The primary defect in mitral valve prolay 


one of collagen rather than of elastic fibres 

Roberts er al have reported bicuspid valy 
isolated aortic regurgitation in which th: 
abnormalities and inequality in cusp size 
such that an additional abnormality of the aortic wa 
is not required to explain the regurgitation I 
patients are similar to six of our patients with | 
pid valves and normal histology of th: 
Echocardiographic study has demonstrated prola 
of the larger cusp in bicuspid aortic valves 
while minor prolapse is common in patients witl 
bicuspid valves severe prolapse is directly 
regurgitation.?" The five other patients in our 
who had bicuspid valves without other gr 
mality of the cusps had additional non-inflamn 
aortic root disease. The number of patients 
series with both aortic root dilatation and bi 
valves is so small that no firm conclusion should ! 
drawn on whether this is simply a chance associatior 
or whether there is a genetic link between bi 
aortic valves and aortic medial degeneratior 
increased risk of 
ascending aorta?* ?? associated with bicuspid va 
however, does support the concept of concon 
aortic medial disease. 

The important clinical 
investigation is that isolated primary dilatation 
the upper aortic ring is a common cause of aort 
regurgitation and is of particular 
because it is likely to progress much more rapid 
than rheumatic aortic regurgitation. Wit 
decline in rheumatic disease in Western populatio: 
isolated aortic root dilatation will become rela 
more common. 
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Balloon dilatation of unoperated aortic coarctation: 
immediate results and one year follow up 


CHRISTOPHER WREN, IAN PEART, HUGH BAIN, STEWART HUNTER 
From the Department of Paediatric Cardiology, Freeman Hospital, Newcastle upon Tyne 


SUMMARY Fifteen patients aged 1-19 years (mean 10-9) with previously unoperated aortic co- 
arctation underwent percutaneous balloon angioplasty between January 1985 and February 1986. 
Nine (6095) were hypertensive at presentation. Under general anaesthetic the systolic coarctation 
gradient was 24-50 mm Hg (mean 29) and the coarctation diameter was 4-9 mm (mean 5:5). 
Meditech balloon catheters 8-18 mm in diameter were inflated 1—4 times at 410-760 kPa. After 
dilatation the systolic coarctation gradient decreased to 0-20 mm Hg (mean 6) and the coarctation 
diameter increased to 7-20 mm (mean 12). One patient developed a fusiform aneurysm of the aorta 
at the coarctation site immediately after the procedure. At reinvestigation 6-16 months (mean 
12-5) after dilatation 14 of the 15 patients were normotensive. In 13 patients the residual co- 
arctation gradient was 0-10 mm Hg (mean 3). Two patients had recoarctation with residual 
gradients of 20 and 24 mm Hg and underwent successful repeat dilatation. One patient had 
developed a small discrete aneurysm at the coarctation site. 

Balloon angioplasty is thus a safe and effective method of relieving unoperated aortic co- 
arctation. The frequency of aortic aneurysm and recoarctation is small and probably related to 
balloon size. This early experience is encouraging , but long term results and further experience 


are required before this approach is used to treat coarctation generally. 


Surgical treatment bas greatly improved the long 
term prognosis in patients with coarctation of the 
aorta, However, while operation may repair the 
aorta, long term follow up studies indicate that it 
does not cure the patient.! 

Relief of coarctation by balloon angioplasty is now 
feasible? * and, in view of the higher operative mor- 
bidity and mortality associated with reoperation, has 
been proposed as the first line treatment of post- 
operative restenosis of coarctation.? Vascular com- 
plications and the transient benefit from angioplasty 
have limited the use of this technique in infancy.® 

Balloon angioplasty achieves its.effect by dis- 
rupting the intima and media at the site of the co- 
arctation.’® Concern over the possibility of late 
aneurysm formation at the site of dilatation? !? has 
also restricted the adoption of the technique for relief 
of unoperated coarctation after infancy. 
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This report presents the immediate results of bal- 
loon angioplasty in a consecutive group of patients 
over 12 months of age and the results of rein- 
vestigation one year later. 


Patients and methods 


PATIENTS 
Between January 1985 and February 1986 18 pa- 
tients over the age of 12 months presented to this 
hospital with unoperated coarctation of the aorta 
(table). Two patients with associated ductus arte- 
riosus and another with virtual atresia of the aorta 
were considered unsuitable for angioplasty and were 
referred for surgery. The remaining 15 patients un- 
derwent balloon angioplasty. Their ages ranged from 
l to 19 years (mean 10-9 years). Three patients had 
associated abnormalities (one had Beckwith’s syn- 
drome, one had moderate mitral regurgitation, and 
the third had moderate aortic valve stenosis). 

All patients undérwent repeat cardiac cath- 
eterisation at 6-16 months (mean 12-5 months) after 
the initial procedure. 
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Table Details of patients and procedures 
COA COA Balloon Balloon 
Age Weight Imnal BP gradient diameter size COA F[U BP 
Panent (yr) (kg) (mm Hg) (mm Hg) (mm) (mm) ratio (mm Hg) Comments 
1 10 33 145/105 30 4 18 45 95/80 Small ane at 12 months 
2 1 8 145/80 24 4 15 38 110/70 Immediate fusiform aneurysm 
3 8 29 120/60 31 5 12 24 120/70 
4 1 38 145/85 50 4 15 38 115/80 
5 5 19 105/80 26 6 12 20 105/70 
6 10 27 110/60 30 6 12 20 110/60 
7 10 30 140/70 30 5 12 24 120/80 
8 17 55 170/105 30 4 15 38 120/70 
9 14 59 125/80 32 7 15 21 130/80 
10 17 72 170/90 30 8 18 23 150/60 
11 18 69 170/70 24 9 18 20 110/70 
12 19 52 170/90 22 7 15 21 120/80 
13 6 26 116/76 26 4 10 25 110/60 Required repcat angioplasty 
14 2 12 120/60 24 5 10 20 110/70 Required repeat angioplasty 
15 15 58 170/105 26 4 15 3-8 120/80 
BP, blood ssure, COA, coarctanon; balloon:COA, ratio of balloon diameter to coarctanon diameter, F/U BP, blood pressure on 


admission for repeat cardiac catheterisation. 


METHODS 

Informed consent to balloon angioplasty was ob- 
tained before investigation in all patients, and all 
procedures were performed under general ana- 
esthesia. The balloon dilatation was performed dur- 
ing the initial catheterisation in 12 patients. The 
other three patients had been catheterised before. 
Catheters were introduced percutaneously via the 
femoral artery. Initial assessment included simul- 
taneous measurement of pressure in the ascending 
aorta and femoral artery, measurement of with- 
drawal pressure across the site of coarctation, and a 
cineaortogram in the left anterior oblique projection. 
The diameter of the aorta above the coarctation was 
measured from a freeze frame image on a video mon- 
itor with correction for’ magnification from the 
known diameter of the cardiac catheter. A balloon 
size that was 1 to 2 mm smaller than the aortic di- 
ameter was chosen. The balloon catheters 
(Meditech) were introduced percutaneously without 
an arterial sheath and were advanced to the site of the 
coarctation over a guide wire. Dilute radiographic 
contrast medium was used for balloon inflation, with 
accurate positioning of the balloon being assessed by 
the appearance of a waist at the site of coarctation. 
The balloon was inflated at pressures between 
410—760 kPa. If waisting was not produced the pos- 
ition of the balloon was adjusted and the procedure 
was repeated. No patient had more than four balloon 
inflations. The duration of inflation varied but did 
not exceed 15 seconds. 

After deflation the balloon catheter was withdrawn 
but the guide wire was left in place across the co- 
arctation site. An end-hole catheter was positioned 
in the aortic arch for repeat simultaneous mea- 
surement of pressure in the ascending aorta and fem- 
oral artery and angiography. After the procedure 
haemostasis was achieved by femoral artery com- 


pression. Patients were monitored closely in the re- 
covery period, with particular attention being paid to 
the peripheral pulses and blood pressure, and all had 
a postoperative chest x ray to detect mediastinal wid- 
ening. Patients rested in bed for 24 hours and were 
allowed home on the second postoperative day. All 
were prescribed oral atenolol for one month. 

During the course of the study certain 
modifications were made to the above procedure. 
Patients 1-3 were not heparinised during the di- 
latation procedure because of the possible risk of 
intramural haemorrhage after angioplasty. As this 
did not prove to be a problem we felt that the risk of 
embolism related to the prolonged use of guide wires 
during the procedure was greater and so patients 
4-15 were anticoagulated with 100 units/kg of so- 
dium heparin before the introduction of the guide 
wire. Pressure recordings from the right radial and 
the contralateral femoral artery are now monitored 
throughout the procedure so that the residual gra- 
dient can be measured without withdrawing the bal- 
loon catheter completely, thereby avoiding 
unnecessary trauma to the femoral artery. 

Results were compared by Student's paired z test 
as appropriate. 


Results 


Nine (60%) of the 15 patients were hypertensive on 
presentation (table). Under general anaesthesia the 
pressure gradient across the coarctation ranged from 
24 to 50 mm Hg (mean 29 mm Hg) (fig 1). The 
diameter of the aorta immediately above the 
coarctation ranged from 6 to 23 mm and at the - 
coarctation from 4 to 9 mm (mean 5:5 mm) (fig 2). 
These measurements were taken from cine- 
angiograms developed after the procedure. The bal- 
loon catheters used for dilatation were between 8 and 
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Fig 1 Systolic pressure gradient across the coarctation 


before and after balloon dilatation, at the one year follow 
up catheterisation, and after repeat dilatation (two 
patients). Two pairs of patients had identical results. 


18 mm in diameter. The ratio of the balloon diameter 
to coarctation diameter was between 2 and 2:5 in all 
but five patients (table). 

Immediately after balloon inflation the pressure 
gradient across the site of coarctation was reduced to 
0-20 mm Hg (mean 5:7 mm Hg; p < 0:01). On re- 
peat angiography the diameter of the coarctation had 
increased significantly to 7-20 mm (mean 11:8 mm; 
p < 0-01). In patient 2 a fusiform aneurysm of the 
coarctation site was produced (fig 3). The ratio of the 
balloon to coarctation diameter in this patient was 
3:8. 

After the dilatation few vascular problems were 
seen. In particular, there were no embolic compli- 
cations and post-dilatation hypertension did not oc- 
cur. The right femoral artery pulse was weak in only 
one patient at one year. The clinical signs of co- 
arctation resolved in all patients and no patient be- 
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Fig 2 Diameter of the aorta at the coarctation before and 


after balloon dilatation, at the one year follow up 
catheterisation, and after repeat dilatation (two patients 
Two patients had identical results. 


came hypertensive after the atenolol was withdrawn 
One patient had systolic hypertension and all others 
were normotensive at the time of their repeat cardiac 
catheterisation. 

At recatheterisation the residual coarctation gra 
dient was between 0 and 24 mm Hg (mean 5:6 mm 
Hg). In 11 patients the residual gradient was < 10 
mm Hg and the angiographic appearances were sat 
isfactory with no sign of aortic dilatation or an 
eurysm (fig 4). Two patients had developed 
haemodynamic and angiographic evidence of 
restenosis and underwent successful repeat dila 
tation. There was a small discrete aneurysm at the 
coarctation site in patient 1 (fig 5) in whom the bal 
loon to coarctation diameter ratio was 4-5. There had 
been no change in the angiographic appearance of 
the fusiform aneurysm in patient 2 (fig 3). No patient 
has subsequently required operation. Long term fol 
low up of all patients is continuing. 





Fig 3 Aortic angiogram in patient 2 before (a) and after (b) dilatation and at one year follow up (c). Note the fusiform 
aneurysm of the aorta at the site of coarctation immediately after dilatation (b). There was no significant change over the 


following year (c). Balloon:coarctation ratio 3-8. 
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Fig 4 Arch aortogram in patient 9, demonstrating successful balloon dilatation which has been maintained at one year. 
Balloon:coarctation ratio 2:4. 


Discussion 


Although the immediate results of operative treat- 
ment of coarctation of the aorta are good, it carries a 
small but significant morbidity. Late mortality is 
usually related to cardiovascular problems, particu- 
larly residual hypertension. Restenosis or aneurysm 
may develop, the latter particularly after patch aor- 
toplasty.'''* Even selected normotensive patients 
with good operative results have abnormalities such 
as residual left ventricular hypertrophy and hyper- 
kinesia.! Hypertension may occur on exercise, even 
if there is no residual coarctation, and is probably 
related to abnormal vascular tone in the upper half of 
the body. 

Because balloon angioplasty achieves its effect by 
disruption of the intima and media of the aortic wall, 
there is concern over the possibility of aneurysm 
formation." !? !? Balloon angioplasty has been pro- 


posed as the treatment of choice for restenosis of 
coarctation because the risk of late aneurysm for- 
mation is probably less than the problems associated 
with repeat operation.? If long term follow up shows 
a low incideace of aneurysm and other problems, 
balloon angioplasty may also be preferred to surgical 
resection of unoperated coarctation. 

There are few reports of the development of an- 
eurysms after balloon dilatation of native co- 
arctation.? !? Cooper et al found aneurysms in three 
(43°,,) of seven children after the use of balloons 1 
mm smaller than the diameter of the aorta proximal 
to the coarctation.* They did not compare balloon 
diameter with coarctation diameter. Marvin et al re- 
ported that six (55",) of eleven children developed 
aortic aneurysms after 7-14 months.'" In these pa- 
tients the bzlloons used for dilatation were 2:5-3 
times larger than the diameter of the coarctation de- 
termined angiographically. All six aneurysms were 





Fig 5 Aortic angiogram in patient 1 before (a) and after (b) balloon dilatation. Repeat angiogram at one year (c) shows 
a small saccular aneurysm at the coarctation site. Balloon:coarctation ratio 4-5. Frame (a) is the anteroposterior 
projection while (b) and (c) are left anterior oblique views. 
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resected at operation because of the angiographic 
appearances. Our results do not confirm this high 
incidence of early aneurysm development, and nei- 
ther fusiform nor saccular aneurysm formation was 
seen in any patient with a balloon to coarctation ratio 
«358. 

Various technical aspects of the procedure may 
influence its efficacy and also the risk of late compli- 
cations. They will be assessed only by longer follow 
up of greater numbers of patients. Larger balloons 
may produce better relief of coarctation at the ex- 
pense of a higher incidence of late aneurysm. The 
only aneurysm we found at follow up angiography 
(fig 5) occurred in the patient with the highest bal- 
loon to coarctation ratio. The rate of balloon 
inflation, the number of inflations, the maximum 
pressure achieved, and the duration of inflation may 
also affect immediate and long term results but no 
data are available to confirm this. Since mea- 
surement of the aortic diameter from the video mon- 
itor is inaccurate, we now correct for magnification 
by using a calibrated marker catheter. It may be that 
the diameter of the coarctation is a better guide to the 
selection of balloon size than the aortic diameter but 
the coarctation is difficult to measure accurately. Al- 
though the balloon size necessary for relief of pul- 
monary valve stenosis can, in our experience, be 
predicted from the body weight or body surface area, 
no such relation exists in patients with coarctation. 

Balloon dilatation of aortic coarctation is effective 
in relieving the obstruction and associated systemic 
hypertension. Our results suggest that the frequency 
of aneurysm development at early reassessment is 
much less than has been reported previously and that 
aneurysm development may be avoidable. These 
early results are encouraging but long term follow up 
will be necessary before balloon angioplasty can be 
confirmed as a safe and effective alternative to sur- 
gical resection for the primary relief of aortic co- 
arctation. 
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Operative balloon dilatation for pulmonary atresia 
with intact ventricular septum 


JRLHAMILTON, SF FONSEKA, N WILSON, D F DICKINSON, DR WALKER 
From the Regional Paediatric Cardiothoracic Unit, Killingbeck Hospital, Leeds 


SUMMARY [In six infants with pulmonary atresia and intact ventricular septum operative balloon 
dilatation was used to achieve continuity between the right ventricle and the main pulmonary 
artery as the initial procedure. Two of the six subsequently needed an aortico pulmonary shunt. 


All six are alive and well. 


Pulmonary atresia with intact ventricular septum is 
arare abnormality, which is usually lethal within the 
first few weeks of life.! Surgical results have 
improved after the introduction of prostaglandin E 
infusion to maintain ductal patency? thus permitting 
the surgeon to operate on infants who are in better 
biochemical and haemodynamic condition. It is gen- 
erally agreed that operation should provide not only 
adequate pulmonary blood flow but also anterograde 
flow through the right ventricular outflow tract in 
order to decompress the ventricle and encourage 
growth of both the right ventricle and the tricuspid 
valve ring. Recent papers have recommended 
valvotomy combined with a shunt procedure, either 
via a right thoractomy with a Waterston shunt? or a 
left sided approach combining a modified Blalock- 
Taussig shunt with transpulmonary valvotomy.* 

Percutaneous balloon valvuloplasty for pul- 
monary stenosis? ? has given encouraging initial 
results. We therefore decided to attempt dilatation 
of the atretic pulmonary valve using a balloon intro- 
duced via the right ventricle at operation. This 
paper presents our initial experience. 


Patients and methods 


Over a ten month period in 1986, six consecutive 
infants presenting with pulmonary atresia and intact 
ventricular septum were managed with an initial 
operative pulmonary balloon dilatation. According 
to the classification of Bull and colleagues,® all our 
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cases had a hypoplastic but tripartite right ventricle 
(inlet, trabecular, and infundibular portions) with 
patency of the right ventricular outflow tract up to 
the level of the imperforate valve. The tricuspid 
valve annulus measured on the preoperative angio- 
gram (4 cases) or echocardiogram (2 cases) varied in 
diameter from 7 to 12mm. The figure shows a typi- 
cal angiogram. They are therefore in the group 
which would seem to have an anatomy which is most 
favourable from the surgical viewpoint. The table 
gives details of the patients. 

All infants were treated initially with intravenous 


prostaglandin E infusion after echocardiographic 


diagnosis. Operative balloon dilatation was per- 
formed after angiography and balloon atrial sep- 
tostomy in cases 1, 2, 3, and 4 but patients 5 and 6 
were accepted far operation on the basis of the ultra- 
sound examination alone without septostomy. 
Patient 3 was stabilised on oral prostaglandin? but 
was then readmitted with increasing cyanosis at nine 
weeks of age. 

A median sternotomy was used in all cases and the 
heart was elevated by swabs placed in the posterior 
pericardium. A standard 10mm external diameter 
balloon dilatation catheter was used (Meditech). 
The balloon catheter was tested to assess the volume 
of saline required to produce a firm inflation. A 
purse-string suture was placed in the anterior wall of 
the right ventricle and the catheter was introduced 
via a stab incision. It was advanced by palpation up 
to and then through the atretic valve using firm pres- 
sure. With the catheter and balloon positioned 
across the valve ring the balloon was inflated three 
times with the predetermined volume of saline. Any 
bradycardia was allowed to recover before 
reinflation. The catheter was withdrawn and the 
purse-string tied. 
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Fig Right ventricular angiograms in cases 1 and 5. (a Digital subtraction right ventricular angiogram in patient 1 befor 


operation. The ventricle is well developed up to the level of the imperforate valve but the trabecular zone 1s poorly opacifi 
There is considerable tricuspid regurgitation. (b Digital subtraction right ventricular angiogram in patient 5 six mont 





operation. The right ventricle is tripartite but the trabecular portion is partially obliterated by hypertrophied muscle bund 
The dysplastic, but now perforate, pulmonary valve membrane is arrowed. RA, right atrium; RV, right ventricl: 


Table Patient details at the time of operation 
—————MM————— 








Age Weight Balloon atrial 
Case days (kg Sex septostomy 
1 12 6 M + 
2 3 2-2 M + 
3 60 38 M + 
4 1 3-3 F 4 
5 17 »0 M 
6 2 3-6 M 
Results 


The valve was felt to “give” in each case during 
inflation. The length of the standard dilatation cath- 
eter caused problems, however. In one infant (case 
4) inflation produced a tear in the right ventricular 
outflow tract, resulting in considerable blood loss. 
In case 2 this problem was anticipated because the 
baby was so small and the technique was modified. 
An embolectomy catheter was used instead, and the 
inflated balloon was withdrawn across the valve. 
Prostaglandin E infusion was continued in all the 
infants postoperatively until blood gases were satis- 
factory. Prostaglandin treatment could not be with- 
drawn in cases 4 and 5 and Waterston shunts were 
constructed 14 and 21 days after the dilatation. The 
remaining patients were extubated 1, 3, 5, and 7 days 
after operation. All six patients are alive, gaining 
weight, and developing normally 6-16 months after 


operation (median 11 months). Patient 5 underwent 
an uneventful repair of a cleft palate four months 
after the dilatation. Re-evaluation by cardiac cath 

eterisation was carried out at six months and showed 
that right ventricular pressure was 75°, of the sys 
temic pressure. He is now awaiting surgical recon 
struction of the right ventricular outflow 
Postoperative Doppler ultrasound examination of 
cases 1, 2, 3, 4, and 6 showed a pressure drop of 15 
80, 40, 10, and 20 mm Hg respectively between th 

right ventricle and the main pulmonary artery 
Patient 2 was recatheterised six months after the 
procedure. The investigation confirmed a high rig! 

ventricular pressure but the pulmonary valve could 
not be crossed. However, the right ventricular cavity 
was well developed and no tricuspid regurgitatior 
was detected. He recently underwent successful 
reconstruction of his right ventricular outflow tract 
on cardiopulmonary bypass. 


tract 


Discussion 


Before the introduction of prostaglandin infusion t 
maintain ductal patency the results of pulmonary 
valvotomy alone as the initial palliative measure for 
these infants were very poor with some workers 
reporting 100°,, mortality. As a result systemic 

pulmonary artery shunts were advocated but follow 
up of these patients demonstrated lack of devel- 
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opment of the right ventricle and tricuspid valve. A 
morphological study by Bull and colleagues showed 
that the small right ventricular cavity was in many 
cases caused by massive hypertrophy.? It was sug- 
gested that this would regress if the ventricle was 
decompressed. They also suggested that the pul- 
monary valve annulus was usually adequate to sup- 
port the circulation and that the limitation to 
forward flow was the size of the tricuspid valve 
annulus. In a study from the same group, de Leval et 
al reported angiographic evidence of growth of the 
tricuspid annulus which was greatest if right ventri- 
cle to pulmonary artery continuity was established 
early in life.* On the basis of this, and combined 
with their poor results with valvotomy alone, they 
recommend a left thoracotomy and creation of a 
modified Blalock-Taussig shunt with a trans- 
pulmonary valvotomy. 

In contrast, Dobell and Grignon argued in favour 
of an initial valvotomy, performed via a median ster- 
notomy and with Hegar dilators to open the valve.'° 
They emphasised that improvement is not immedi- 
ate and time must be given to allow the oedema to 
settle. As the right ventricle decompresses the com- 
pliance will improve and forward flow will increase. 

Whatever the preferred technique, all are agreed 
that pulmonary artery to right ventricular continuity 
should be established as soon as possible. It seems 
unnecessary to use cardiopulmonary bypass to per- 
form an open valvotomy or valvectomy although 
inflow occlusion during this procedure has been 
advocated.'! Blind transventricular valvotomy with 
dilators cannot offer maximum dilatation and even 
the advocates of transpulmonary valvotomy in the 
beating heart (using an embolectomy balloon to 
occlude the right ventricular outflow) admit that 
exposure of the pulmonary valve is not ideal.'' On 
the basis of our initial experience we feel that the 
balloon catheter introduced via a small stab incision 
in the right ventricle circumvents some of these 
difficulties and offers a rapid, simple method of 
providing maximum dilatation of the valve with 
minimal trauma to the ventricle. 

In pulmonary atresia with an intact ventricular 
septum there is a range of right ventricular cavity 
sizes varying from severely hypoplastic to dilated.'? 
Morphological studies!? !? and surgical series? * !? 
suggest that cases with a right ventricle which is 
sufficiently well developed to allow continuity to be 
established between the right ventricle and the pul- 
monary artery in the neonatal period without the 
addition of a pulmonary to systemic artery shunt are 
in the minority. Nevertheless, these cases should be 
identifiable at the preoperative imaging study, 
whether angiography or ultrasound, and they seem 
to be suitable for a comparatively simple procedure 
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to decompress the right ventricle and establish an 
adequate pulmonary blood flow. Balloon atrial sep- 
tostomy was performed in four of our patients 
because we had previously followed the manage- 
ment plan for these patients outlined by Patel and 
colleagues.'* However, if dilatation is to be per- 
formed without a shunt then a high right atrial pres- 
sure might be desirable in order to promote forward 
flow of blood through a relatively non-compliant 
right ventricle. In these circumstances atrial sep- 
tostomy seems to be contraindicated. 

Ring er al studied the effects of balloon dilatation 
on the pulmonary valve annulus in lambs and 
observed that the main area of trauma was not the 
annulus but rather the right ventricular outflow 
tract.!? We believe this area of trauma results in 
oedema which can be a major cause of obstruction to 
blood flow immediately after operation. Accordingly 
we continued the prostaglandin infusion post- 
operatively until flow through the valve improved. 
With this policy, we accept a slower postoperative 
recovery than if a shunt had been constructed 
simultaneously, and also accept that a shunt may be 
necessary in some patients at a later stage if they 
remain prostaglandin dependent. The considerable 
advantage is that unnecessary shunts are avoided. 

The main problems were associated with the size 
of the standard dilatation balloon catheter which has 
a 1 cm tip distal to a 3 cm balloon. In neonatal hearts 
the tip of this catheter impinges on the bifurcation of 
the pulmonary artery while the proximal shoulder of 
the balloon distends the right ventricular outflow 
tract. A 05cm guiding tip and a 1-5cm balloon 
would be more appropriate for use in neonatal hearts 
and we hope soon to try a modified balloon catheter. 
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Anomalous left coronary artery from the pulmonary 
artery: a 15 year sample* 


SAMUEL MENAHEM, ALEXANDER W VENABLES 


From the Department of Cardiology, Royal Children’s Hospital, Melbourne, Australia 


SUMMARY Eleven patient with anomalous left coronary artery arising from the pulmonary artery 
were identified from the beginning of 1970 to the end of 1985. The only male patient presented 
at the age of eight years for assessment of a murmur and was symptom free. The remainder 
presented in infancy with features of cardiac failure. The electrocardiogram was abnormal in all 
patients, the majority showing anterolateral ischaemia. Cross sectional echocardiography when 
available showed a dilated, poorly contracting left ventricle, and in two cases what appeared to 
be a “normal” origin of the left coronary artery. Aortography was performed in 10 patients and 
led to the correct diagnosis in eight. The diagnosis was made at necropsy in three infants. One 
patient has remained well without treatment. The anomalous left coronary artery was ligated in 
three of the earlier patients, including the asymptomatic boy. Two of these cases had concurrent 
saphenous vein graft to the anomalous left coronary artery. The four most recent cases were 
treated by successful direct reimplantation of the anomalous left coronary artery to the aorta when 
they first presented in infancy. They continue to improve symptomatically and show objective 
improvement of myocardial function. 

In this recent experience supports our policy of early surgical re-establishment of a two 
coronary system from the aorta. 


Anomalous left coronary artery arising from the pul- 
monary artery is a rare congenital abnormality 
occurring in approximately 1 in 300000 live births. ' 
It is important to recognise this rare disorder 
because newer surgical techniques, which permit 
direct anastomosis of the anomalous left coronary 
artery to the aorta, have considerably improved both 
morbidity and mortality.” Without treatment the 
majority of patients develop congestive heart failure 
once the pulmonary vascular resistance begins to fall 
and run-off occurs from the right coronary artery to 
the left coronary artery and then into the pulmonary 
artery. A coronary “‘steal’” develops, leading to 
ischaemia and possible infarction and fibrosis of the 
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anterolateral wall of the left ventricle. Such patients 
die in infancy.) An occasional patient whose col- 
lateral circulation is developed and effectively dis- 
tributed may remain symptom free and present late 
in childhood or adult life.* 5 

In this report we describe our experience of this 
rare congenital abnormality and highlight the diag- 
nostic features and changes in management, particu- 
larly the move towards early surgical re- 
establishment of a two coronary artery system. 


Patients and methods 


A retrospective study was undertaken of all patients 
in whom anomalous left coronary artery was diag- 
nosed at the Royal Children's Hospital, Melbourne 
from 1970 to 1985. We reviewed the details of the 
clinical data, investigations, treatment, and necropsy 
findings, where available, and noted the outcome of 
the survivors. 


378 


Anomalous left coronary artery from the pulmonary artery 


Results 


Eleven patients were diagnosed as having anomalous 
left coronary artery from 1970 to 1985. Ten were 
females, nine of whom presented between the ages of 
2-5 months with a history of poor feeding, recent 
weight loss, breathlessness, and often respiratory 
infection. All had signs of cardiac failure. Devel- 
opment of an apical systolic murmur suggestive of 
mitral incompetence was common. One child 
presented at the age of four years for evaluation of 
mitral incompetence after attending another hospital 
at three months with an acute illness diagnosed as 
“bronchiolitis”. The only boy in the series was seen 
at the age of eight years for assessment of a murmur. 

All except the symptom free boy had x ray evi- 
dence of cardiomegaly, often with features of pul- 
monary congestion and pulmonary collapse or con- 
solidation. In 10 patients the electrocardiogram 
showed anterolateral ischaemia or actual infarction 
(fig 1). One patient had evidence of left ventricular 
hypertrophy. Two patients showed evidence of left 
atrial hypertrophy and one patient had low voltage 
complexes. 

Cross sectional echocardiography was performed 
on the last five patients. All had evidence of a poorly 
contracting dilated left ventricle (fig 2). The anoma- 
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lous left coronary artery was definitely seen to arise 
from the main pulmonary artery in only one patient 
(fig 3). In two others the diagnosis was suspected, 
while in a further two cases an apparently "normal" 
left coronary artery was seen to arise from the aortic 
sinus (fig 4). 

Enzyme studies were done on one patient only. 
Activities were increased at and soon after 
presentation. A thallium radioisotope scan carried 
out in one patient showed a somewhat dyskinetic 
anterolateral segment of the left ventricle. 

No further study was undertaken in one patient in 
whom the echocardiogram was thought to be nor- 
mal. Cardiac catheterisation was carried out in the 
remaining 10 patients. In the one patient where the 
echocardiogram was thought to be diagnostic, aor- 
tography confirmed the diagnosis of an anomalous 
left coronary artery arising from the main pulmonary 
artery. This vessel filled retrogradely from the 
dilated right coronary artery and was seen to drain 
into the main pulmonary artery (fig 5a and b). 

In the other nine patients left ventricular angio- 
graphy showed a dilated, poorly contracting left ven- 
tricle with varying degrees of mitral incompetence, 
One patient also had a small ventricular septal defect 
and a ductus arteriosus. In this patient a poor quality 
aortogram did not define the anomalous left coronary 











Fig 1 Electrocardiogram of infant at 10 weeks with anomalous left coronary 
artery. It shows a Q wave and T wave inversion in 1, aVL, and lateral chest leads. 


There is ST elevation in V2. 
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Cross sectional and M mode echocardiogram of 
infant at 4 months with anomalous left coronary artery 
showing grossly dilated, poorly 
Ao, aorta; LV, left 


ventricular posterior wall 


Fig 2 


contracting left ventricle 


ventricle; S, ventricular septum; P, left 


artery. In a further infant the aortogram was also of 


poor quality. The right coronary artery appeared to 
arise normally and the left coronary artery was filled 
without its ostium being clearly defined. In the 
remaining seven patients aortography confirmed the 
diagnosis of anomalous left coronary artery. 

All infants required intensive treatment for car- 


diac failure. A dopamine infusion was given to two of 


the more recent patients just before surgery. Two 
infants died from cardiac failure and respiratory 
infection at the ages of 9 and 10 months despite 
intensive medical treatment without antemortem 
diagnosis of anomalous left coronary artery. A 
further infant died shortly after ligation of a ductus 
arteriosus, the diagnosis of anomalous left coronary 
artery being made at necropsy. One patient has been 
treated conservatively. She has remained well with 
stable, moderate mitral incompetence 

All the other patients were treated by operation. 
One had ligation of the anomalous left coronary 
artery at the age of 15 months. She developed effort 
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Fig 3 Cross sectional echocardiogram in high parasternal 
short axis view showing the anomalous left coronary artery 
ALCA) arising from the main pulmonary artery trunk. 


Ao, aorta, MPA, main pulmonary artery 


angina at the age of 12 years and has since had a 
saphenous vein graft to the left coronary artery. Two 
other children had ligation of the anomalous left 
coronary artery as it entered the main pulmonary 
artery and a concurrent saphenous vein graft to the 
left coronary artery at the ages of 5 and 8 years. 
When restudied one and five years later, aortography 
showed occlusion of the grafts (fig 6). One has since 
had a mitral valve replacement at the age of 18 years 
for worsering mitral incompetence. 





Fig 4 


Cross sectional echocardiogram in parasternal short 
axis view showing what appears to be a normal left 
coronary ertery arising from the left aortic sinus. Ao, 
aorta; LA, left atrium; ‘LCA’, ‘left coronary artery’; 
MPA, main pulmonary artery; RCA, right coronary 
artery; RVOT, right ventricular outflow tract. 
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Fig 5  Aortograms in a patient with an anomalous left coronary artery. (a) Aortic root injection showing filling 

dilated right coronary artery with no filling of the left coronary artery. (b) A later frame showing filling of the left 
coronary artery via a number of collaterals with subsequent opacification of the main pulmonary artery. Ao, aorta; MPA 
main pulmonary artery; RCA, right coronary artery; Co, collaterals. 


In the four most recent patients seen between 1979 
and 1985 a direct anastomosis of the anomalous left 
coronary artery to the aorta was carried out once the 
diagnosis of anomalous left coronary artery was 
made. The technique used was that described by 
Takeuchi et al,? in which a flap of pulmonary arterial 
wall is raised to form a coronary tunnel inside the 
pulmonary artery between a created aortopulmonary 
window and the left coronary artery ostium. When 
these patients were restudied six months and one and 
three years later there was improved contraction of 
the left ventricle but residual mitral incompetence, 
The newly anastomosed left coronary artery was 
patent (fig 7). One patient has developed mild main 
pulmonary artery stenosis. All four patients have 
shown considerable improvement in their symp- 
toms, x ray, and electrocardiogram and a return 
towards normal left ventricular function on echo- 
cardiography and radionuclide studies. Follow up 
has lasted from six months to six years. Figure 8 
summarises the findings. 


Discussion 


This review of an Australian sample correlates well 
with experience in North America and South 
Africa. 7 There was a preponderance of girls and 
most presented in early infancy with features of car- 
diac failure. If the anomalous left coronary artery 


was not recognised early death ensued, with evidence 
of fibrosis or infarction of the left ventricle at ne 

ropsy. However, two patients presented late and on« 
has remained well without operation, as was seen ir 








Fig 6 Aortogram after aortic root injection showing a 
dilated right coronary artery filling from the right c 
sinus. The occluded stump of the saphenous vein graft i 
shown. Ao, aorta; RCA, right coronary artery; SVG, 
saphenous vein graft stump 
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Fig? Left ventricular angiogram three years after a 
Takeuchi reimplantation of the anomalous left coronary 
artery to the ascending aorta via a tunnel in the floor of the 
main pulmonary artery. The left ventricle was contracting 
well, The angiogram shows the anastomosis to the left 
coronary artery. Ao, aorta, Anas, anastomosis; LV, left 
ventricle. 


earlier reports.* ë Presumably an effective and well 
distributed collateral circulation allowed this patient 
to survive. Long term follow up of such patients 
suggested that arrhythmias may cause sudden 
death.* 


THE DIAGNOSIS OF ANOMALOUS LEFT 
CORONARY ARTERY 

It is difficult to distinguish those patients who 
present early in cardiac failure with anomalous left 
coronary artery from those who have congestive 
cardiomyopathy, usually of uncertain aetiology. 
Clinical features and radiological assessment are not 
particularly helpful in identifying the two groups,? 
but if the electrocardiogram shows ischaemic 
changes it becomes mandatory to seek out an anom- 
alous left coronary artery. * There are, however, 
other causes of ischaemic changes in infancy,* and 
the occasional patient with anomalous left coronary 
artery (one patient in our series) may show left ven- 
tricular hypertrophy.^ 

In an extensive study Gutgesell er a/ found that 
myocardial perfusion imaging with thallium-201 was 
helpful, but again not diagnostic in distinguishing 
anomalous left coronary artery from congestive car- 
diomyopathy.? 

Several recent studies have extolled the virtues of 
cross sectional echocardiography.'? !? All have 
documented the dilated, poorly contracting left ven- 
tricle, doing away with the need for left ventricular 
angiography. Although some patients were shown to 
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have anomalous left coronary artery arising from the 
main pulmorary artery trunk, Robinson et al empha- 
sised the potential for false negative diagnosis,'? as 
we found in two of our cases. The anomalous left 
coronary artery is in almost an identical position as 
a normal left coronary artery except that it arises 
from the pulmonary artery trunk. Robinson er a/ 
suggested that the echo-free linear structure appar- 
ently arising from the aorta and resembling a normal 
left coronary artery was probably the transverse 
sinus of the pericardium.'? Imaging of a dilated right 
coronary artery was not diagnostic. Our experience 
with pulsed Doppler is limited. King et al suggested 
that late systolic retrograde flow in the proximal pul- 
monary artery represented retrograde flow from the 
anomalous left coronary artery.!? 

Aortography remains essential for definitive diag- 
nosis, but despite such investigation the abnormality 

0.8 


*/, Shortening 





Q in aVL (mm) 





Years 
Fig 8 Changes in left ventricular function after 
re-establishment of two coronary artery systems from the 
aorta by the Takeuchi approach. CT ratio, cardiothoracic 
ratio, % shortening, left ventricular shortening fraction; Q 
in aVL, depth of Q wave in lead aVL. ©, patient who 
moved to cnother state. Black symbols show values before 
operation. Open symbols are values after operation. 
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was missed in two of our cases. In retrospect this 
result arose from poor quality angiography with lack 
of clear delineation of the origin of both coronary 
arteries. Selective right coronary angiography has 
been especially helpful in demonstrating the dilated 
right coronary artery and late filling of the anoma- 
lous left coronary artery with a subsequent blush of 
opacification in the main pulmonary artery. Our one 
case in an infant with a ventricular septal defect and 
ductus arteriosus illustrates the need to look at the 
coronary arteries carefully even when another con- 
genital heart abnormality is found, especially if the 
infant does poorly after operation.? 


TREATMENT OF ANOMALOUS LEFT CORONARY 
ARTERY 
Most of our patients required intensive and pro- 
longed medical treatment of heart failure both before 
and after operation. In the two more recent patients 
a dopamine infusion was found especially helpful in 
preparing the patient for early operation. One 
patient remained stable without treatment; this case 
illustrates the variability of the condition.* 
Househam et al reviewed the surgical options 
available. They argue for a conservative approach 
particularly in the older infant because only one of 
their three infants who had reimplantation of the 
anomalous left coronary artery into the aorta sur- 
vived. In 1981 Driscoll er al also argued for a conser- 
vative approach because only two of their eight 
patients operated on before the age of twelve months 
survived.” They advocated operation during child- 
hood because 13 out of their 15 patients survived 
when operated on between 14 months and 12 years. 
Ligation of the anomalous left coronary artery may 
lead to subsequent angina, as shown by one patient 
in our series and others reported elsewhere,!^ or 
increased mortality. !5 If a two coronary artery sys- 
tem can be safely re-established from the aorta it is 
preferable to conservative treatment or ligation of 
the anomalous left coronary artery, as Arciniegas et 
al have emphasised.'* Six of their infants and three 
of ours died after medical treatment. Successful re- 
establishment of a two coronary artery system 
restores the blood flow to the left ventricular myo- 
cardium immediately and more completely.!? This 
result may considerably reduce mortality and mor- 
bidity and permit more complete recovery of the 
myocardium. The last four patients in our series, 
who have had an anastomosis of the anomalous left 
coronary artery to the aorta by the Takeuchi et al 
approach,’ have all survived. They had an excellent 
result with proven patency of the anastomosed vessel 
on catheter restudy. Their symptoms have improved 
considerably and x ray and electrographic findings 
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on follow up (12 months-7 years) are becoming more 
normal. 

Anastomosis of the anomalous left coronary artery 
to the aorta is a major advance. It is important to seek 
out this rare condition to enable corrective surgery to 
be performed and thereby improve the mortality and 
long term morbidity. We do not believe that it is 
possible, as Driscoll er al suggest,® to identify those 
infants who present in cardiac failure and may sur- 
vive into childhood with medical treatment from 
those who will succumb. An active policy seems 
justified. 


Conclusions 


Anomalous left coronary artery should be considered 
in any infant with congestive cardiomyopathy or 
apparent congenital mitral incompetence. The pos- 
sibility of this anomaly is increased if ischaemic 
changes are noted on the electrocardiogram. Cross 
sectional echocardiography will certainly demon- 
strate a poorly contracting, dilated left ventricle. 
Although in some cases it is possible to show the 
anomalous left coronary artery arising from the main 
pulmonary artery just distal to the pulmonary valve, 
cross sectional echocardiography may also show 
what appears to be à "normal" origin of the left 
coronary artery. Good quality angiography remains 
essential in making a definitive diagnosis. Direct 
reimplantation of the anomalous left coronary artery 
into the aorta is likely to become the treatment of 
choice because it improves mortality and long term 
morbidity. 
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Gallium-67 myocardial imaging for the detection of 
myocarditis in the acute phase of Kawasaki disease 
(mucocutaneous lymph node syndrome): the 
usefulness of single photon emission computed 
tomography 
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TSUTOMU SAJI, NORIO MATSUO, MASAAKI TAKANO* 


From the Department of Paediatrics, Toho University, School of Medicine; and the * Department of Radiology, 
Omori Hospital, Toho University, Ohta-ku, Tokyo, Japan 


SUMMARY Myocardial imaging with gallium-67 citrate was used to detect myocarditis in 46 
consecutive infants and children (31 boys and 15 girls, mean age 21 months) with Kawasaki 
disease. In all of them planar imaging (group A) was performed at 6 hours and at 48 or 72 hours 
after the intravenous administration of a mean (SD) dose of gallium-67 citrate (0-07 (0-02) 
mCi/kg). Thirty four patients (24 boys and 10 girls, mean age 21 months) also had single photon 
emission computed tomography imaging (group B) soon after planar imaging. The patients had 
been ill for from 5 days to 16 days (mean (SD) 10:5 (2-4) days in group A and 10-6 (3-0) days in 
group B). The colour images obtained at 48 or 72 hours were positive in 41% of group A and in 
64% of group B. Among the patients with clinically suspected myocarditis, 63% in group A and 
80% in group B had positive myocardial images. Single photon emission computed tomography 
imaging permitted the identification of tracer in the myocardium, the pericardium only, or in the 
heart chambers. 

Myocardial imaging with gallium-67 citrate, especially when used with single photon emission 
computed tomography imaging, is useful for the detection of myocarditis in the acute phase of 
‘Kawasaki disease. ` 


Kawasaki disease (mucocutaneous lymph node syn- 
drome) is a disease of unknown aetiology and patho- 
genesis that usually affects infants and children 
.. under four.years of age. About 10—20% of these 
patients have coronary aneurysms that predispose 
them to sudden death from acute myocardial in- 
farction. Most patients also have cardiovascular 
_ Signs such as gallop rhythm and distant heart 
sounds, electrocardiographic abnormalities, and 


Requests for reprints to Dr Hiroyuki Matsuura, Department of 
Paediatrics, Toho University School of Medicine, 6-11-1 Omon- 
mshi, Ohta-ku, Tokyo, Japan 143 


Accepted for publication 27 April 1987 


pericardial effusion; these are thought to be caused 
by myocarditis, pericarditis, and endocarditis.! ? 
Some histopathological studies on necropsy cases 
and series of endomyocardial biopsy specimens have 
confirmed that myocarditis is often present in the 
acute phase of Kawasaki disease. Because treatment 
of myocarditis may improve the prognosis, new di- 
agnostic techniques are needed to detect this abnor- 
mality in infants and children with Kawasaki 
disease. We have evaluated the usefulness of myo- 
cardial imaging with gallium-67 citrate (especially 
when this radionuclide is used for single photon 
emission computed tomography) in the detection of 
myocarditis in patients with acute phase Kawasaki 
disease. 
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Patients and methods 


Patients—We examined 46 consecutive patients 
with Kawasaki disease (31 boys and 15 girls, age 
range 6 months to 5 years and 11 months, mean 1 
year and 9 months) who were admitted to the Toho 
University hospital from July 1985 to March 1986. 
In all of these patients clinical diagnosis was based 
on the criteria set by the Mucocutaneous Lymph 
Node Syndrome Research Committee of the Minis- 
try of Health and Welfare of Japan in 1984.? 

Methods—In the acute phase (the illness had lasted 
from 5 days to 16 days; mean (SD) 10:5 (2-4) days 
0-5-1-0 mCi of gallium-67 citrate (mean (SD) 0-07 
(0-02) mCi/kg) was administered intravenously; the 
amount administered depended on the child's body 
weight. Planar imaging was performed in the ante- 
rior and in the 45 left anterior oblique projections in 
all 46 patients (group A) 6 hours and 48 or 72 hours 
after injection of the tracer. Soon after planar imag- 
ing 34 patients were also examined by single photon 
emission computed tomography imaging (group B); 
the gamma camera was rotated around the patient 


Planar 


SPECT 


Fig ! 


cardiac silhouette 
both in the ventricular 


Planar and single photon emission computed tomographic ( SPECT 
a typical negative case. 


from the 40° right anterior to the 50° left posterior 
projections. These 180° were divided into 32 equal 
angles; 6 hours after injection of the tracer 30 sec- 
onds per angle and 48 or 72 hours afterwards 50 
seconds per angle were required for imaging. Both 
planar and single photon emission computed tomog- 
raphy imaging were performed with a ZLC 7500 
gamma camera, Shimazu Inc., using medium en- 
ergy, high sensitivity collimator. The data obtained 
were recorded and analysed to make colour images 
by computer (Scintipac 2400, Shimazu Inc.). 

Three pzediatric cardiologists classified the colour 
images of the anterior view in planar imaging and of 
the transverse plane view against the truncal axis in 
single photon emission computed tomography 
imaging at 48 or 72 hours into four grades. Each was 
unaware of the clinical data of the patients and of the 
judgements made by the other two. 

The four grades were: negative (—), heart not 
identified; positive 1+, showing a vague silhouette 
of the heart in planar imaging or a vague or incom- 
plete outline of the ventricular walls by single pho- 
ton emission computed tomography imaging; 
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There was a remarkable accurnulation of gallium-67 ( see 
in the planar image at 6 hours (top left). Gallium-67 was localised 
cavity and in the myocardium în the SPECT image 


bottom 


left). No accumulation of gallium-67 in the heart was seen in planar or SPECT 


images at 48 hours 


top right and bottom right 
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Fig2 Typical planar and single photon emission computed tomographic ( SPECT ) images 48 


or 72 hours after injection of gallium-67 citrate in patients with myocarditis. (a 


The planar 


images of the positive 1 + case showed a vague incomplete outline of the heart that was not seen in 
the negative case. The accumulation of gallium-67 in the heart was equal to that in the spinal 
bone in the 2+ case. (b) Typical SPECT images at 48 or 72 hours. No accumulation was seen in 
the heart of the negative case. The localisation of gallium-67 in the myocardium and not in the 


ventricular cavities was evident in the 1 + and 2+ cases. H,heart; L,liver; V 


St, sternum. 


positive 2+, showing an obvious silhouette of the 
heart by planar imaging, or clear identification of the 
ventricular walls by single photon emission com- 
puted tomography imaging; positive 3+, a greater 
accumulation of radionuclide in the heart than in the 
spinal bone. 

In the event of disagreement among the three 
physicians, we used the grade agreed upon by two 


vertebra; 


cardiologists or the mean of the three differen 
grades. 

While patients were in hospital the following wer 
measured at least twice a week: complete bloox 
counts, serum total protein and albumin, erythri 
cyte sedimentation rates, C-reactive protein, and 
creatine kinase MB expressed as a fraction of tota 
creatine kinase. The cardiothoracic ratio on chest 
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xray films and the electrocardiograms and echo- 
cardiograms were examined at least once a week. 
When there was an increase or reduction of at least 
5% in the cardiothoracic ratio on the chest xray 
films during the clinical course cardiomegaly or the 
regression of cardiomegaly was diagnosed. Electro- 
cardiograms were analysed by the criteria of Yo- 
shitake et al^ for cardiac rhythm, PQ intervals, 
corrected QT intervals, significant changes in the 
voltage of R waves, and ST-T changes. Coronary 
aneurysms, pericardial effusion, and valve 
insufficiency were detected by M mode and cross 
sectional echocardiography and cross sectional col- 
our Doppler echocardiography. We compared these 
findings and abnormalities in heart sounds (that is 
distant heart sounds and gallop rhythm) with the 
results of myocardial imaging with gallium-67. 


Results 


MYOCARDIAL IMAGING WITH GALLIUM-67 
Figure 1 shows both planar and single photon emis- 
sion computed tomography images in a typical case. 
At 6 hours there was a remarkable accumulation of 
gallium-67 in the cardiac silhouette in planar imag- 
ing. The single photon emission computed tomog- 
raphy image at 6 hours shows that gallium-67 has 
accumulated both in the blood in the ventricular 
cavity and in the myocardium. At 48 hours neither 
planar nor single photon emission computed tomog- 
raphy imaging showed accumulation of gallium-67 
in the heart. The planar image of a 1+ positive case 
(fig 2a) shows a vague outline of the heart which was 
not seen in the negative case. There was a remark- 
able accumulation of gallium-67 in the heart in the 
2+ positive case. In positive cases single photon 
emission computed tomography imaging showed ac- 
cumulation of the tracer in the myocardium, but not 
in the blood in the ventricular cavities. 

In group A 19 patients (41%) had positive images 
(12 cases were 1+ and 7 cases were 2+) and in 
group B 25 patients (6495) had positive images (15 
cases were 1+ and 10 cases were 2+). No patient 
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from either group was graded as 3+. The fre- 
quencies of positive cases ın male and female pa- 
tients were 65% and 53% in group A and 80% and 
56% in group B respectively. There was no 
significant sex-related difference in the percentages 
of positive cases. Six positive cases in group B were 
re-examined at the ume of discharge and one case 
remained positive. A month later this case was nega- 
tive. 

Laboratory data—Figure 3 shows a comparison be- 
tween positive and negative cases in groups A and B. 
In the acute phase the maximum percentage of the 
MB fraction of creatine kinase was slightly higher in 
the positive cases than in the negative cases in both 
groups but not significantly. In group B the max- 
imum erythrocyte sedimentation rate was 
significantly higher ın the positive cases than in the 
negative cases (79-4 (30-6) vs 46 6 (30-9) mm/h, p < 
0-05). There were no other significant differences in 
other laboratory data between the positive and nega- 
tive cases in either group A or B (fig 3). 


A COMPARISON OF GALLIUM-67 MYOCARDIAL 
IMAGING AND CLINICAL FINDINGS IN GROUPS 
A AND B (TABLES 1 AND 2) 

Clinical signs—None of the patients had congestive 
heart failure. Abnormal heart sounds were noted in 
41% (19/46) in group A and 38% (13/34) in group 
B. Positive images were obtained in 8 (42%) cases 
out of the 19 cases with abnormal heart sounds in 
group A while 9 (69%) cases out of the 13 cases with 
abnormal heart sounds in group B showed positive 
images. 

Electrocardiograms—Serial electrocardiograms re- 
vealed abnormalities in 43% (20/46) patients in 
group A and 47% (16/34) in group B. Of those cases 
with abnormal electrocardiograms, 12 (60%) out of 
20 showed positive planar images and 13 (8195) out 
of 16 showed positive single photon emission com- 
puted tomography images. 

Chest x rays—Only 25 cases in group A and 15 cases 
in group B had chest x rays that were suitable for 
reliable assessment of cardiomegaly. In the remain- 























'Tablel Correlation of planar images with climcal signs 

Abnormal findings 
Planar images Heart sounds Cardiomegaly ECG Echocardiography 
Abnormality 19/46 (41%) 4/25 (16%) 20/46 (43%) 24/46 (52%) 
Positive 1+ 6/19 (32%) 1/4 (25%) 9/20 (45%) 10/24 (42%) 
Posiuve 2+ 2/19 (11%) 1/4 (25%) 3/20 (15% 2/24 (8%) 
Negative 11/19 (57%) 2/4 (50% 8/20 (40%) 12/24 (50%) 





Nineteen of these 46 cases had two or more abnormal findings in the above four examingtions and 12 cases (63%) out of the 19 had 


positive images. 
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Table 2 Correlation of single photon emsston computed tomography (SPECT) mages with clinical signs 





Abnormal findings 
SPECT wages Heart sounds Cardiomegaly ECG Echocardiography 
Abnormality 13/34 (38%) 2/15 (13%) 16/34 (47%) 18/34 (53%) 
Positive 1+ 5/13 (38%) 1/2 (50%) 7/16 (43%) 9/18 (50%) 
Positive 2+ 4/13 oU 0/2 (0%) 6/16 oes 4/18 20 
Negative 4/13 (31% 1/2 (50%) 3/16 (19% 5/15 (28% 





Fifteen of these 34 cases had two or more abnormal findings ın the above four examinations and 12 cases (80%) out of the 15 had positive 


images 


der the xrays were unsatisfactory (for example be- 
cause of a mismatch of the respiratory phase or 
rotation of the trunk). Cardiomegaly was present in 
16% (4/25) in group A and 13% (2/15) in group\B, 
and half the patients in groups A and B showed pos- 
itive gallium-67 myocardial images. 
Echocardiography—Fifty two per cent (24/46) of 
group A and 53% (18/34) of group B had abnormal 
echocardiograms (that is transient pericardial 
effusion, persistent aneurysms or dilatation of coro- 
nary arteries, and transient aortic valve 
insufficiency). Of these, 50% (12/24) in group A and 
72% (13/18) in group B showed positive images by 
gallium-67 myocardial imaging. The only patient 
who had transient pericardial effusion, transient aor- 
tic valve insufficiency, and persistent coronary an- 
eurysms was classified as positive (1+) by planar 
imaging; single photon emission computed tomog- 
raphy imaging was not performed in this patient. 
Five cases in group A, including this case, had an- 
eurysms or appreciable dilatation of coronary arte- 
ries at discharge and three (60%) of them had 
positive images. In group B four cases had coronary 
aneurysms or dilatation and all of them showed pos- 
itive images. 

Cases which had two or more abnormal findings 
in the above four examinations were said to have 
clinically suspected myocarditis; in group A 12 
(63%) out of 19 cases with clinically suspected myo- 
carditis showed positive images while 12 (80%) out 
of 15 such cases in group B showed positive images. 


Discussion 


Infants and children with Kawasaki disease in the 
acute phase often have abnormal findings such as 
gallop rhythm and distant heart sounds, prolonged 
PQ intervals and QTc, as well as echocardiographic 
evidence of pericardial effusion and valve 
insufficiency; all of these abnormalities are thought 
to be due to pancarditis.! ? Some histopathological 
studies of specimens obtained by endomyocardial 
biopsy! 5 have also suggested that the myocardium is 


often inflamed in the acute phase. Fujiwara and Ham- 
ashima classified cardiac lesions into four stages ac- 
cording to the duration of illness at death. All those 
who died in the acute phase, especially those in stage 
1 (duration of illness to death was 0 to 9 days), 
showed considerable infiltration of poly- 
morphonuclear leucocytes and lymphocytes into the 
myocardium. There are also reports of sudden death 
caused by extension of inflammation to the cardiac 
conduction systems." In Kawasaki disease the 
progression to myocardial fibrosis and hypertrophy 
from myocarditis is suspected.> Apart from cardiac 
biopsy conventional investigations are not very 
helpful in detecting myocarditis and in assessing its 
severity in patients with abnormal clinical signs. 
This is mainly because the cardiac symptoms in 
Kawasaki disease are usually mild and the clinical 
course is not like that of typical infectious myo- 
carditis. For example changes in electrocardiograms 
are so mild that only serial tracings reveal faint ab- 
normalities,* and creatine phosphokinase and the 
MB fraction are increased in only a few cases.? 

Gallium-67 has a half life of 78 hours and pro- 
duces four gamma rays with energies suitable for 
scanning. There is no beta emission, and the radi- 
ation dose to the patient is well within the acceptable 
range.? Recently gallium-67 citrate imaging was re- 
ported to be useful in the detection of clinical and 
experimental myocarditis, pericarditis, and endo- 
carditis.? 1° Most of the cases reported were the sub- 
ject of individual case reports and a few workers 
have reported small series.!° 

The uptake of gallium-67 by the acute 
inflammatory lesions is thought to occur in three 
ways. The most important and best studied one is 
the role of polymorphonuclear leucocytes. The other 
two ways are via lymphocytes and the so-called 
*non-cellular pathway"! !3; both these routes have 
been proposed as mechanisms of accumulation in 
states such as agranulocytosis. Gallium-67 resem- 
bles the ferric ion in its atomic radius, charges, and 
in the types of inorganic complexes that it forms; so 
gallium-67 binds to iron-binding molecules and 
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cells—for example lactoferrin, transferrin, ferritin, 
and siderophores.!? The lysosomes of poly- 
morphonuclear leucocytes are rich in lactoferrin and 
several investigations suggest that lysosomal binding 
is important in the localisation of gallium-67 within 
inflammatory lesions.'?^!* After accumulating at 
sites of inflammation leucocytes discharge some of 
the content of the lysosomes, including lactoferrin. 
The discharged lactoferrin tends to remain on the 
receptor sites in tissue macrophages and lympho- 
cytes.1? 

In the acute phase of Kawasaki disease patients 
show considerable irícreases in numbers of imma- 
ture polymorphonuclear leucocytes. The kinetics of 
lactoferrin have not been studied in patients with 
Kawasaki disease, but the activity of the enzyme, fi 
glucuronidase, released from the lysosomes of poly- 
morphonuclear leucocytes is significantly higher in 
the acute phase than in the recovery phase.!? Char- 
acteristic cardiac abnormalities in the acute phase of 
Kawasaki disease are acute perivasculitis and vascu- 
lins of microvessels and small arteries. Acute peri- 
carditis, interstitial myocarditis, and endocarditis 
are also seen; the myocarditis is characterised by 
oedema and infiltrating cells consisting of poly- 
morphonuclear leucocytes and lymphocytes. At the 
earliest stage polymorphonuclear leucocytes pre- 
dominate; and these are rapidly replaced by lympho- 
cytes.! Even biopsy specimens obtained early in the 
recovery phase contain lymphocytes, plasma cells, 
histiocytes, and some mast cells rather than poly- 
morphonuclear leucocytes.* 

These mechanisms for the accumulation of 
gallium-67 in inflammatory lesions raise the possi- 
bility of using gallium-67 citrate to detect myo- 
carditis as a complication of the acute phase of 
Kawasaki disease. Ito et al and Sty et al reported 
some positive cases in planar imaging by gallium-67 
citrate in patients with Kawasaki disease, but they 
did not study the corresponding clinical features in 
these  patients.!7!9 We believe that poly- 
morphonuclear leucocytes and lactoferrin were re- 
sponsible for producing the positive images in our 
series in the acute phase. Lymphocytes or the “non- 
cellular pathway" or both may have been re- 
sponsible for the positive image at discharge that 
was found in one patient. 

Although the most typical appearance of peri- 
carditis in gallium-67 imaging was a "hot" rim of 
uneven thickness surrounding the periphery of the 
entire heart in planar imaging, diffuse, faint activity 
in the cardiac silhouette has been seen in some 
cases.1° Single photon emission computed tomog- 
raphy imaging was useful because it showed the lo- 
calisation of gallium-67 in the myocardium as well as 
in the pericardium of the positive cases. Moreover, 
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this technique showed that the positive images were 
not the result of high gallium-67 counts in the sys- 
temic circulation; this was established by comparing 
the images at 6 hours with those at 48 or 72 hours in 
group B. Single photon emission computed tomog- 
raphy imaging was also better than planar imaging; 
it was more sensitive (80% in group B vs 63% in 
group A), although this difference was not statisti- 
cally significant. Single photon emission computed 
tomography requires more expensive equipment 
and a longer recording time than planar imaging. 
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Prediction of outcome in dilated cardiomyopathy 
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SUMMARY One hundred and sixty nine patients (mean age 39-1 years) with documented dilated 
cardiomyopathy were studied for a mean of 5:5 years One hundred and four patients died during 
this period. The average (SD) interval from the onset of symptoms to death was 4:1 (3:7) years. 
One year and five year mortality rates were 27-8% and 57-4% respectively. Most of the deaths 
occurred within two years of diagnosis. The only difference between survivors and those who 
died was in the severity of left ventricular dysfunction at the time of referral. Significant 
differences between survivors and non-survivors were found for left ventricular end diastolic 
pressure (17-3 versus 23:4mm Hg), left ventricular end systolic volume (87-4 versus 
128-9 ml/m?), left ventricular end diastolic volume (130-7 versus 173-2 ml/m?), and ejection frac- 
tion (32-8 versus 25-4% ). The duration of previous symptoms, preceding virus infection, positive 
family history, recent pregnancy, or heavy alcohol intake did not seem to influence prognosis. 
Nor did treatment, which was similar in both groups with a quarter of the patients receiving 
vasodilators. 

Patients with dilated cardiomyopathy have a high mortality irrespective of treatment. The only 


identifiable prognostic indicator was the severity of left ventricular impairment at referral. 


Dilated cardiomyopathy is a heart muscle disease of 
unknown cause in which one or both ventricles are 
dilated and poorly contracting.! ^? Various clinical, 
radiological, angiographic, haemodynamic, and his- 
topathological variables have been suggested as pre- 
dictors of outcome in dilated cardiomyopathy, but 
there is no uniform agreement about their use- 
fulness.*~ ® 

One year mortality in this condition may vary 
from 31% to 35%*°7 and five year mortality has 
been reported to be around 50%.7~° This poor 
prognosis seems not to have been modified during 
the past two decades, despite the introduction of 
new diuretics and the use of vasodilators and anti- 
coagulants during this period. 

To strengthen understanding of the clinical 
course of this disorder we report experience at Ham- 
mersmith Hospital in the diagnosis, treatment, and 
follow up of these patients. To our knowledge this is 
the largest series of patients with well documented 
dilated cardiomyopathy so far reported and the 
observations are relevant to the selection of patients 
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for cardiac transplantation and the timing of the 
operation. 


Patients and methods 


We retrospectively analysed data on 209 consecutive 
patients with dilated cardiomyopathy who were first 
seen in the Clinical Cardiology Unit (Department of 
Medicine) at Hammersmith Hospital from March 
1962 to March 1982. Only 169 patients were 
included in the study. Eighteen patients were 
excluded because data were incomplete and twenty 
two were excluded because they had predominant or 
exclusive dilatation of the right ventricle. Most 
patients were referred for the evaluation of cardiac 
failure. All patients were followed up in the out- 
patient department. The follow up period was 
defined as the interval from the date of first admis- 
sion to Hammersmith Hospital until either death or 
31 March 1983. The interval from the onset of 
symptoms to the first admission was also analysed. 
There were 131 men and 38 women. One hundred 
and thirty eight patients were European, 17 were 
black, and 14 were Asian. 

Dilated cardiomyopathy was identified as a heart 
muscle disease of unknown cause with dilatation of 
the left or right heart or both! ^?; so the diagnosis 
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was made by exclusion of other causes of cardiac 
failure. Exclusion criteria included: heart muscle 
disease of known origin (for example amyloid, 
sarcoid, haemochromatosis), clinical or angio- 
graphic coronary heart disease or both (patients with 
obstruction of >50% of one or more major coronary 
artery branches or who had considerable irregularity 
of one or more vessels were excluded even if it was 
thought that the left ventricular failure could not be 
attributed to the coronary disease shown on 
angiography), systemic hypertension, and hyper- 
trophic cardiomyopathy. The diagnosis required a 
left ventricular ejection fraction of <45% and 
usually included also: (a) a history of dyspnoea on 
exertion or at rest; (b) physical signs of left or right 
heart failure or both; (c) cardiomegaly on chest x ray; 
(d) one or more of the following electro- 
cardiographic abnormalities—atrial fibrillation or 
atrial fluttér, conduction system disturbances, and 
evidence of a left ventricular disorder usually with 
high voltage in the chest leads and repolarisation 
abnormalities; (e) left ventricular end diastolic 
pressure > 15mm Hg. 

The symptomatic state was classified according to 
the New York Heart Association classification. 
Death was defined as sudden when it was 
unexpected and occurred within 24 hours of the 
onset of new symptoms. Complex ventricular 
arrhythmia was defined as the presence of multiform 
or repetitive ventricular extrasystoles (couplets or 
bursts of ventricular tachycardia) or both. 

'To evaluate possible risk factors we analysed alco- 
hol intake, recent pregnancy, family history and 
febrile illness heralding the onset of symptoms, and 
positive anti-viral titres. 


MEASUREMENTS 

All patients had a baseline 12 lead electrocardiogram 
and chest x ray. R waves in the left precordial lead 
V5 over 20 mV were considered as high voltage and 
under 5mV as low voltage. Ambulant electro- 
cardiogram monitoring was carried out in all 
patients seen after 1980—57% of the total series. 
Blood samples were also taken to measure serum 
iron, antinuclear factor, thyroid function, rheu- 
matoid factor, and virus antibody titres. 


HAEMODYNAMIC AND ANGIOGRAPHIC STUDIES 
All patients underwent cardiac catheterisation by 
the percutaneous approach through the femoral or 
brachial artery. Left and right heart pressures were 
recorded with an Electronics for Medicine DR8 
recorder. Fluid filled lines and P23D Statham trans- 
ducers were used. The mid chest was used asa refer- 
ence point for the calibration of zero. 

Left ventricular volumes were determined: by 
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Grant et al’s method!^ from the biplane ante- 
roposterior and lateral projections filmed at 30 
frames/s after the injection of contrast material into 
the left véntricle. The ejection fraction (EF) was 
calculated by the formula: EF = (LVEDV — 
LVESV)/LVEDV, where LVESV = left ventri- 
cular end systolic volume and LVEDV = left 
ventricular end diastolic volume. Volumes are given 
as millilitres per square metre of body surface area 
(ml/m?). Ninety seven (57%) of the patients under- 
went coronary angiography. This includes all 
patients 'studied since 1980 irrespective of age. 
Those who did not have angiography had no clin- 
ical, electrocerdiographic, or ventriculographic fea- 
tures of coronary heart disease and none who came 
to necropsy had clinically significant coronary ath- 
eroma. Thirty two (18:895) patients underwent per- 
cutaneous right.ventricular endomyocardial biopsy. 
Biopsy was used to identify myocarditis and the 
specific heart muscle diseases.!! All endomyocardial 
biopsy specimens in the current series showed non- 
specific morphological abnormalities and there was 
no evidence of active or past myocarditis. Since 
March 1983 we have performed myocardial biopsies 
on 39 more patients with clinically similar dilated 
cardiomyopathy, 21 of whom were reported as 
showing features of active past or healing myo- 
carditis on biopsy. 

Echocardiographic and radionuclide mea- 
surements were not included in this-analysis because 
they only became available after the series was 
started. 
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Fig 1 10 year survival curve of 169 patients with dilated 
cardiomyopathy. Numbers in parentheses are patients alive 
at the beginning of interval. Numbers at years 6, 7, 8, and 
9 were omitted because of the small amount of attrition 
between 5 and 10 years. 
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TREATMENT 

All patients were taking diuretics. Digitalis prepara- 
tions were not used routinely in patients in sinus 
rhythm. Anticoagulant drugs are normally pre- 
scribed when dilated cardiomyopathy is diagnosed, 
irrespective of the cardiac rhythm. One quarter of 
the patients received vasodilator drugs. 


STATISTICAL ANALYSIS 

The data were stored 1n a computer and analysed by 
the statistical package, Minitab. The probability of 
survival from the time of first evaluation at Ham- 
mersmith Hospital was analysed by the life table 
method. The t test and y? test were used to analyse 
significance of univariate prognostic factors. Linear 
regression analysis was carried out to test the 
relation between clinical or haemodynamic variables 
and the duration of survival in those who died. 


Results were considered to be statistically significant . 


when p « 0-05. 
Results 


One hundred and sixty nine patients with documen- 
ted dilated cardiomyopathy were studied. The mean 
(SD) age at the onset of symptoms was 39:1 (14-1) 
years. The interval from the onset of symptoms to 
first evaluation at Hammersmith Hospital was 1:8 
(2-8) years. The average duration from the onset of 
symptoms to death was 4-1 (3-7 years). The mean 
follow up period was 5-5 (4:2) years. Patients who 
survived five years were unlikely to die thereafter 
(fig 1). 


CLINICAL CHARACTERISTICS 
Table 1 summarises the clinical symptoms and 
physical signs found on the first admission to Ham- 
mersmith Hospital. The commonest symptom was 
dyspnoea either on exertion or at rest (85-8%) fol- 
lowed by palpitation and oedema. Chest pain was 
not uncommon and it was present in 35 patients 
(20-7%), all of whom underwent coronary angio- 
graphy which excluded clinically significant coro- 
nary artery disease as defined earlier. A mitral regur- 
gitant murmur was present in 37-9% of the patients. 
Pulmonary or systemic embolism had occurred in 
10-695 and 8-396 respectively before referral to 
Hammersmith. Atrial fibrillation was present in only 
23-7% of those patients who had had embolic 
events. Asymptomatic cardiomegaly was the first 
manifestation of illness in eight (4-795) patients. 

All patients had radiographic evidence of cardio- 
megaly and the average cardiothoracic index was 
58-8 (6-894). 

Table 2 shows electrocardiographic features. 
Atrial fibrillation and ventricular extrasystoles were 
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Table 1 Clinical characteristics of patients with dilated 
cardiomyopathy 











Feature No 26 
Dyspnoea 145 858 
heart sound 145 858 
MR murmur 64 379 
Palpitation 50 296 
ema 49 289 
Chest pain 35 207 
Pulmonary emboli 17 106 
Systemic emboh 14 83 





MR, mitral regurgitation 


Table 2 Electrocardiographic features of patients with 
dilated cardiomyopathy 








Feature No 95 

Sinus rhythm 129 163 
Amal fibrillanon 34 201 
LBBB 35 207 
RBBB 7 41 
VE isolated 43 254 
VE complex 25 148 
High voltage V5 54 344 
Low voltage V5 5 32 
LA enlargement 76 449 


LBBB, left bundle branch block; RBBB, right bundle branch 
block; VE, ventricular extrasystoles, LA, left atrrum. 


the commonest arrhythmias present in this series. 
Complex ventricular arrhythmias were present in 
14-89, of the patients. Complete left bundle branch 
block was the commonest conduction system defect 
(20-795). Right bundle branch block was rarely 
present (4-195). High voltages (7 20 mV) in the left 
precordial lead V5 occurred in 34:4% of the cases 
while low voltages (<5 mV) were occasionally seen 
(3:295). Arrhythmias were documented by routine 
Holter recording in 97 patients investigated after 
1980. Before that date, complex ventricular arrhyth- 
mias or ventricular tachycardia were only found by 
chance recording or when they caused symptoms. 


HAEMODYNAMIC FEATURES 

Table 3 shows the baseline haemodynamic findings. 
The left ventricular end diastolic pressure was raised 
(20-8 (9-8) mm Hg) and the ejection fraction was 
reduced (29-2 (12-7)%). Both the left ventricular end 
systolic volume (104-7 (57-1) ml/m?) and the end 
diastolic volume (148-4 (64:2) ml/m?) were in- 
creased. The mean stroke volume (42.1 (22:5) 
ml/m?) was at the lower limit of normal but there was 
wide variation. 

The left ventricular angiograms showed a 
markedly dilated and poorly contracting left ventri- 
cle in all patients, with mitral regurgitation ranging 
from 0 to moderate (grade 2 out of 4). 

During the period of analysis 104 of the 169 pa- 
tients died. Nearly all deaths were cardiac in origin 


396 


Table 3  Haemodynamic and angiographic variables of 
patients with dilated cardiomyopathy 





Venable Mean (SD) Normal value 
LVEDP (mm Hg) 20 8 (9 8) « 12 
LVESV (ml m?) 104 7 (57 2 21-34 
LVEDV (mijm?) 148 4 (64-2. 64-96 
SV (mijm?) 42 1 (225) 43-62 
EF (%) 29 2 (12 7) 63-72 


LVEDP, left ventricular end diastolic pressure, LVESV, left 
ventricular end systolic volume, LVEDY, left ventricular end 
diastolic volume; SV, stroke volume; EF, ejection fraction 


and sudden death occurred in 8:695 of the cases. 
Figure 1 shows tbe cumulative survival rates. The 
survival curve shows a one year survival rate of 
12-294. Five year survival was 42:695. Most of the 
deaths occurred during the first two years of follow 
up (41:495). 

In order to determine whether there were 
differences between patients who were still alive 
(survivors) and those who were dead (non-survivors) 
at the end of the analysis period we compared the 
baseline clinical, serological (virus), electro- 
cardiographic, radiographic, and haemodynamic 
variables of both groups. No significance differences 
were found either in the clinical or in the electro- 
cardiographic variables between survivors and non- 
survivors nor any difference in the cardiothoracic 
ratio (table 4). The only significant differences be- 
tween survivors and non-survivors were with the 
haemodynamic and angiographic variables shown in 
table 5. Those who died had higher left ventricular 
end diastolic pressure than did the survivors (23:4 
versus 17-3 mm Hg; p « 0:001). They also had lower 
ejection fractions (25-4 versus 32-895; p < 0-005) 
and larger left ventricular end systolic volumes 
(128-9 versus 87-4 ml/m?; p < 001) and left 
ventricular end diastolic volumes (173-2 versus 
130-7 ml/m?; p « 0-01) than did the survivors. The 
stroke volume was similar in both groups (43-2 ver- 
sus 40:6 ml/m?; p NS). 

Linear regression analysis between the clinical, 
electrocardiographic, radiographic, haemodynamic, 


Table 4 Comparison of climcal, electrocardiographic, and 
radiological variables (mean ( SD)) m survivors and those 
who died 





Survivors Died p 

Patients (No) 67 102 NS 
Age (yr) 42 4 (13-1) 370(144) NS 

enlargement (mm) — 557(72) 579(62) NS 
Atnal fibrillation (No) 28/67 48/102 NS 
VPB complex (No) 16/67 18/102 NS 
LBBB (No) 14/67 22/102 NS 
Embolism (No) 10/67 21/102 NS 


See table 2 for abbreviations. 
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Duration of survival (years) 


Fig 2 Relation between left ventricular end diastolic 
pressure (LVEDP) and duration of survival in 65 patients 
who died. Most patients died withtn three years of referral 
and most of those who survived longer had lower LVEDP, 
although there are notable exceptions. (There is no linear 
correlation between the value of LVEDP and duration of 
survival.) 


and angiographıc variables and the length of survival 
in those who died showed a relation only with left 
ventricular end diastolic pressure, which was in- 
versely correlated with duration of survival (fig 2). 

Furthermore, we also compared 24 patients 
(142%) in whom the first manifestation of illness 
was not cardiac failure (for example arrhythmias, 
embolism, asymptomatic cardiomegaly) with 145 
patients (85-895) in whom cardiac failure was the 
mode of presentation. There were no significant 
differences in mortality and length of survival (table 
6). 

The presence of “risk factors" such as family his- 
tory, recent pregnancy, preceding virus infection, or 
heavy alcohol consumption did not seem to influence 
prognosis. All patients were advised against taking 
alcohol but the effect on left ventricular function and 
prognosis of stopping drinking could not be analysed 
because there were no apparent or admitted heavy 
drinkers in tbe series who could be shown to have 
stopped drinking and no dramatic improvements 
among them. At the last follow up visit the symp- 
tomatic state according to the New York Heart Asso- 
ciation classification was significantly better in 
survivors than it was in non-survivors (table 7). The 
clinical state had deteriorated before death in half of 
those who died (47:695) compared with only 14% of 


Table 5 Comparison of haemodynamic and angiographic 
variables (Mean ( SD)) m survivors and those who died 





Variable Survived Dud b 
LVEDP (mm Hg 173(78) a 9 5 à « 0001 
LVESV SN 874 mm 6) 1289 (45 3 < 001 
LVEDV (mijm?) 130 7 (66 7) EF: « 001 
EF (95) 32-8 (11-6) 254(128) «0005 





See table 3 for abbreviations 


Prediction of outcome tn dilated cardiomyopathy 


Table 6 Duration of survival and number of deaths 
according to first manifestation of illness m 169 patients 





with dilated cardiomyopathy 

Heart faslure Other P 
Deaths (No) 88/145 14/24 . NS 
Survival (yr) 22(24) 26(38) NS 





NYHA Survrvors Non-survivors 
Class I or II 85 2%, 307% 
Class II or IV 142% 69 3% 


NYHA, New York Heart Association classificanon. 


Table 8 Vasodilator treatment 





Variable No vasodilators Vasodilators P 
LVEDP (mm Hg) 195 ee 22 5 (9 6) NS 
LVEDV (ml/m*) 135 8 (53-0) 167-8 (84 8) NS 
LVESV (mijm?) 92 1 (41 6) 126:2 1123) NS 
EF (%) 30 2 (13 2) 26-9 (123) NS 
See table 3 for abbreviations. 


the survivors—86% of the survivors were either sta- 
ble or had improved their functional state. Death in 
52-4% of the non-survivors was unexpected because 
their clinical state had not deteriorated. 

All patients were taking diuretics and those in 
atrial fibrillation were taking digoxin. Vasodilators 
had been prescribed to one quarter of the patients. 
Patients given vasodilators had larger left ventricular: 
end systolic and end diastolic volumes, and higher 
end diastolic and lower ejection fractions than those 
not receiving vasodilator treatment—but these 
differences were not significant (table 8). 


Discussion 


Dilated cardiomyopathy is a heart muscle disease of 
unknown cause.! ^? All four cardiac chambers may 
be dilated!?!? or only the left ventricle? !^ and 
rarely only the right ventricle is dilated.!? Patients 
with only right ventricular dilatation were not in- 
cluded in this study. The commonest mode of 
presentation is heart failure. ? ! Both shortness of 
breath and ventricular gallop were present in 85:8% 
of our patients. The clinical course is unpredictable. 
Most of these patients worsened quickly and died 
within the first two years after referral and within 
four years of the onset of symptoms, irrespective of 
the treatment used. Because we are a tertiary referral 
centre these figures may seem to be worse than they 
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really are. Some of our patients referred after one to 
two years of treatment were undoubtedly only re- 
ferred because they were deteriorating. Patients who 
were “doing all right", overt alcoholics, or the el- 
derly may not have been referred. Despite this 
probable selection, a trend towards rapid mortality 
has been reported in other published series as well as 
ours* 57 and the prognosis in this heart condition is 
one of the poorest. In the current series we observed 
a one year mortality of 27-8% and a five year mor- 
tality of over 5095. Most of our patients died within 
two years of the first evaluation at Hammersmith 
Hospital (fig 1). Conversely, patients who survived 
longer than this showed little tendency to die later. 
'These were the patients who came to us despite not 
being on an obviously down-hill course. Their du- 
ration of symptoms before referral was similar to that 
in the patients who died. It is possible, indeed proba- 
ble, that we are dealing with more than one disease 
process, but it is important to realise that a few 
patients with dilated cardiomyopathy can do well, 
with a good quality of life, and stable condition over 
many years even if they do not actually improve or 
“get better”. 

In several reports some clinical and haemo- 
dynamic variables have been advocated as useful 
predictors of the clinical course.!7 !? Years ago 
Hatle et al reported a poor outcome in those patients 
with both low voltages and evidence of left atrial 
enlargement on the electrocardiogram.!? On the 
other hand, atrial fibrillation and left ventricular hy- 
pertrophy are factors considered to be associated 
with longevity. 5 Though the survivors in the cur- 
rent series showed a trend towards higher voltage on 
the electrocardiogram than those who died, the 
difference was not significant nor was the difference 
in the presence of atrial fibrillation. A favourable 
course has also been reported in patients who devel- 
oped systemic hypertension after successful treat- 
ment for heart failure.!? Patients in whom blood 
pressure rises while they are being treated for heart 
failure are likely to have hypertension rather than 
cardiomyopathy? and when this feature was seen in 
our patients we diagnosed hypertension. Recently 
Fuster et al described four factors which had predic- 
tive value in their series.” These were age > 55 
years, cardiothoracic ratio > 0:55, cardiac index « 
3-0 l/min/m^, and left ventricular end diastolic pres- 
sure > 20 mm Hg. The presence of ventricular ar- 
rhythmias and conduction system defects on the 
electrocardiogram has been reported to be associated 
with bad prognosis in dilated cardiomyopathy.!? ?? 
Others did not observe such an association?! nor did 
we in this series. Recently two studies of ventricular 
arrhythmias were carried out in patients with dilated 
cardiomyopathy by means of long term ambulatory 
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electrocardiogram monitoring.2772 Huang et al 
reported that ventricular tachycardia was not predic- 
tive in their series.?? Von Olshausen et al also con- 
cluded that patients at higher risk are more reliably 
identified by their severely impaired left ventricular 
function than by ventricular arrhythmias.?? This fits 
in with our observation that death was rarely un- 
expected and rarely occurred in patients with better 
preserved left ventricular function. Ventricular 
arrhythmias were most common in those with the 
poorest ventricular function. In our series the only 
significant differences between survivors and those 
who died applied to haemodynamic variables. Those 
who died had higher left ventricular end diastolic 
pressure, larger end systolic and end diastolic vol- 
umes, and lower ejection fractions than the sur- 
vivors; and left ventricular function overrode all 
other features in the prediction of prognosis (table 
5). This accords with previous reports.’ !? ?* Only 
end diastolic pressure showed significant inverse 
correlation with length of survival. The higher the 
end diastolic pressure, the shorter the survival pe- 
riod tended to be (fig 2). It is interesting and im- 
portant that stroke volume was not predictive. The 
resting cardiac output was often normal, although it 
failed to rise normally on effort. This was associated 
with a less than normal rise in rate but the poor 
exercise response can only be explained by a fall in 
stroke volume on exercise even though ventricular 
filling is completed rapidly. This indicates a reduc- 
iton in filling, perhaps caused by a poorer systolic 
contraction on exercise or a decrease in compliance. 
Only after a very advanced stage does the resting 
cardiac output fall and this is shown by Fuster's bad 
prognostic factors one of which was a cardiac index 
of « 3:0, which exceeds the lower limit of normal of 
most laboratories. 

We did not find any correlation between prognosis 
and febrile illness heralding the onset of symptoms, 
pregnancy, or excessive alcohol intake. High neu- 
tralisation titres to Coxsackie B virus were similar in 
survivors and those who died but in a previous report 
from our institution an increased frequency of high 
titres had been found in patients with a short history 
of symptoms.?? Pulmonary and systemic embolism 
occurred in 10-195 and 8:395 respectively and all 
episodes occurred before referral to us and before the 
introduction of anticoagulants. These episodes had 
occurred irrespective of the cardiac rhythm. In fact, 
atrial fibrillation was only present in 23-7% of those 
patients who developed embolism. All patients with 
dilated cardiomyopathy seen at Hammersmith Hos- 
pital were given anticoagulants on diagnosis and no 
further embolism occurred. 

All patients were on diuretics and all of those in 
atrial fibrillation were taking digoxin. One quarter of 
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them were also taking vasodilator drugs. The efficacy 
of vasodilators in improving the haemodynamic state 
in these patients has already been proved?$ 2” but the 
improvement in measured exercise capacity is disap- 
pointing. Since vasodilators tended to be given to 
patients with worse left ventricular function (table 8) 
it was not possible to evaluate statistically the effect 
of these drugs on prognosis but there was certainly 
no obvious benefit in patients with advanced disease. 

Despite two decades of hard investigation of di- 
lated cardiomyopathy, the underlying cause or 
causes are still unknown and no treatment is yet 
available to reverse pathogenesis. Only an under- 
standing of the underlying causes will make specific 
treatment possible. Improvement in the prognosis of 
these patients will only come when this knowledge is 
coupled with earlier recognition. We were unable to 
confirm from our data the suggestion that virus myo- 
carditis had preceded or initiated dilated cardio- 
myopathy but we are perplexed by the great increase 
in biopsy diagnosis of myocarditis since 1982. 

This is the largest series of patients with dilated 
cardiomyopathy so far reported. Its analysis 
confirmed that the disorder has a high mortality irre- 
spective of the type of treatment, and the severity of 
left ventricular functional impairment (at referral) 
appears to be the main determinant of reduced 
survival, possibly because by the time symptoms 
develop or become at all limiting, dilatation may 
already have reached the point at which further dete- 
rioration is inevitable. Our observations are of 
importance in deciding the timing of cardiac trans- 
plantation. Some patients continue to do well and are 
stable for many years but patients with ejection frac- 
tions below 25% and deteriorating symptoms are 
unlikely to survive more than two years and may die 
at any time. 
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Case reports 


Ebstein’s anomaly of the tricuspid and mitral valves in 


an otherwise normal heart 


M DUSMET,* I OBERHAENSLI,t J N COX* 
From the Departments of Pathology* and Paediatrics,t Faculty of Medicine, University of Geneva, Geneva, 


Switzerland 


SUMMARY A case in which there was Ebstein’s anomaly of both the tricuspid and mitral valve 
is described: the structure of the heart was otherwise normal. 


The anomaly of the tricuspid valve first described by 
Ebstein in 1866! ? accounts for approximately 1% of 
all heart malformations.? * It consists of the down- 
ward displacement of the basal insertion of the septal 
and posterior valve leaflets, which are almost always 
dysplastic.* In 42-97% of cases there is also an 
atrial septal defect or a patent foramen ovale and the 
anomaly may be associated with various other car- 
diac malformations." * Mital prolapse, contraction- 
relaxation abnormalities of the left ventricle, and 
mitral stenosis have also been reported,  ?^!! In 
nearly half the affected hearts there is malformation 
of the left-sided atrioventricular valve in corrected 
transposition of the great arteries.!? In the very rare 
cases in which there is malformation of the true 
mitral valve? !?!* the posterior leaflet is displaced 
downwards and there may be shortening of the 
outflow chamber. 

We report a case of Ebstein's anomaly of both 
atrioventricular valves in an otherwise normal heart. 
This, to the best of our knowledge, has not been 
reported before. 


Case report 


The patient, a boy, was born at term on 6 May 1985 
to a 31 year old woman (para 2, gravida 2) after an 
uneventful pregnancy (no history of drug adminis- 
tration or of infectious diseases). The Apgar scores at 
1, 5, and 10 minutes were 6, 7, and 8 but the baby was 
cyanosed. Hypertelorism, retrognathia, widely 
spaced nipples, and stiffness of elbows and knees 
(with maximum extension to 130?) were noted. 


Requests for reprints to Dr J N Cox, Department of Pathology, 
Centre Médical Universitaire, 1 rue Michel Servet, CH-1211 
Geneva 4, Switzerland. 
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There was left cryptorchidism and slight epispadias. 
Tachypnoea (92/minute) was seen at birth; pulses 
were regular (130/minute) and symmetrical in all 
four extremities. A systolic/diastolic murmur was 
heard soon after birth but by two weeks of age 
it became a 4-5/6 pansystolic regurgitant murmur 
and a 3/6 diastolic tricuspid murmur; B1 was soft 
and B2 normally split. Chest x ray demonstrated 
cardiomegaly with a cardiothoracic index of 0-63. 
Electrocardiography showed right atrial and right 
ventricular hypertrophy, right bundle branch block, 
and right axis deviation (+ 180°) which became 
extreme (220°) over the following months. 

Echocardiographic studies were performed at the 
age of two days, six days, and six months. These 
showed situs solitus as well as atrioventriculo- 
arterial concordance and connection. Both atria were 
significantly dilated and both atrioventricular valve 
insertions were abnormal: the anterior tricuspid 
leaflet was normally attached but the posterior and 
septal leaflets were displaced towards the apex. All 
three leaflets were dysplastic with thickened free 
edges. The anterior leaflet showed undulating, whip- 
like motions towards the right ventricular wall. Im- 
portant tricuspid insufficiency was noted on Doppler 
echocardiographic examination. The mitral valve 
had a normally attached but thickened anterior 
leaflet; the insertion of the posterior leaflet was dis- 
placed towards the apex and the leaflet was dysplastic 
(fig 1a and b). All chordae were shortened. Doppler 
echocardiography also showed considerable mitral 
insufficiency. In addition, there was evidence of a 
ductus arteriosus at the first examination, which 
closed by six days. 

Physiological pulmonary hypertension and re- 
sistance regressed during the first six days of life and 
the signs of right ventricular failure and cyanosis 


Ebstein’s anomaly of the tricuspid and mitral valves in an otherwise normal heart 10 





Fig 1 


RV 


TV 


aRV 





RA LA 


Real time echocardiogram (a) and diagram (b) of the four chamber view of a case of Ebstein's anomaly of bot! 


atrioventricular valves. This shows apical displacement of the insertion of the septal and posterior leaflets of the tricuspid 
valve (TV) and of the insertion of the septal portion of the posterior leaflet of the mitral valve (MV). The atrialised 
portions of the right (aRV) and left (aLV) ventricles are well defined by the corresponding annulus fibrosis at the 


antrioventricular groove (arrowed). The moderator band is seen in the functional right ventricle 


interventricular and interatrial septa ( S) 


became less conspicuous. Nevertheless, digoxin 
treatment was required. 

Bilateral hydronephrosis caused by urethral stric- 
tures required drainage by cystostomy. After this 
renal function became normal. At the age of one 
month the patient was readmitted with a urinary 
infection. In October 1985 the proximal urethral 
mucosa was sutured to the skin to relieve urethral 
obstruction. 

On 7 February 1986 the child was admitted with 
vomiting and diarrhoea, fever (39°-40° C), 
dehydration, and tachycardia (180/min) caused by 
viral gastroenteritis. There was no evidence of bacte- 
rial infection and the cerebrospinal fluid examination 
was unremarkable. Intravenous rehydration was 
necessary. At 4 pm on 8 February he had a sudden 
cardiorespiratory arrest and despite immediate and 
vigorous attempts at resuscitation he died one hour 
later. 


RV). The 


are intact. RA, right atrium, LA, left atrium, LV, left ventricle 


PATHOLOGICAL EXAMINATION: 

At necropsy the child was a well nourished bo: 
weighing 7 kg (P 30) for a crown-heel length of 66 crr 
(P 30). Cranial circumference was 45-8 cm (P 5( 
There was straw-coloured fluid in the abdomer 
(25 ml) and in both pleural cavities (8 and 10 m 
Heart.—The heart weighed 95 g (normal 42 g). The 
right atrium was dilated and hypertrophied 
muscle thickness 2-3 mm). The structure of the 
interatrial septum was normal with a 3 mm diameter 
foramen ovale. The tricuspid valve was cone shaped 
and its leaflets were thickened with rolled edges. It 
was difficult to identify individual leaflets (fig 2). Thi 
site of insertion of its anterior portion was norma 
while the insertions of the septal and posterior por 
tions were displaced downwards. The chordae were 
short and thickened to such an extent that in some 
areas they were absent. The atrialised supravalvar 
right ventricle did not show noticeable thinning or 
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Fig 2 
septal portions is indicated (arrowed). Note narrow anterior leaflet. *annulus fibrosus; RV, right ventricle; FO, foramen 
ovale. (b) Left heart showing the downward displacement of the basal insertion of the septal part of the mitral valve which 
is dysplastic and inserted directly on to the medial papillary muscle (arrowed). There is dilatation and hypertrophy of left 
atrium. * position of normal insertion of mitral valve; LA, left atrium; LV, left ventricle. 


dilatation, The rest of the right ventricle was both 
dilated and markedly hypertrophied, but the 
configuration of the outflow tract and pulmonary 
valve was normal. The left atrium was dilated and 
hypertrophied (fig 2b). The mural portion of the 
posterior mitral valve leaflet was displaced down- 
wards to the upper limit of the trabecular portion of 
the left ventricle (fig 2b). Both leaflets were dys- 
plastic, and the chordae were significantly shortened 
and thickened or absent (fig 2b). The atrialised su- 
pravalvar ventricular wall was also thickened. The 
hypertrophic left ventricle and the aortic valve were 
otherwise normal. Histological examination showed 
several small foci of acute right myocardial necrosis 
that were attributed to cardiac massage. 

The lungs showed signs of congestion and mod- 
erate interstitial and intra-alveolar oedema without 
evidence of infection. There was moderate right 
hydronephrosis caused by hypertrophic stenosis of 


a) Tricuspid valve seen from right atrium in a case of Ebstein's anomaly. The basal insertion of posterior and 


the pyelouzeteral junction and evidence of chronic 
pyelonephritis. 


Discussion 


In typical cases of Ebstein's anomaly the normally 
inserted anterior leaflet of the tricuspid valve may be 
a large and sail-like structure* !* whereas the septal 
and posterior valves are usually dysplastic and there 
is downward displacement of their basal in- 
sertion.° ! This arrangement permits the anterior 
valve to function as a monocusp valve after ventricu- 
lar plicaticn.! Furthermore, the right ventricle is 
divided into an atrialised supravalvar portion with 
quite thin walls and a trabecular, functional 
portion.? *!5 The size and degree of the dysfunction 
of the upper part of the ventricle as well as the degree 
of valvar insufficiency determine right ventricular 
function and right atrial pressure; when right atrial 


Ebstein’s anomaly of the tricuspid and mitral valves in an otherwise normal heart 


pressure exceeds left atrial pressure a right-left shunt 
through an interatrial communication or a patent 
foramen ovale causes cyanosis. In the present case 
the anterior leaflet of the tricuspid valve was not 
enlarged, and the dysplasia affected all leaflets 
roughly to the same degree, so that the insufficient 
tricuspid orifice was centrally sited. Regression of 
cyanosis during the first few days of life was mainly 
the result of closure of the ductus arteriosus. Because 
pressures in both atria were probably raised to a 
similar degree it is unlikely that there was important 
shunting through the patent foramen ovale. 

The morphology of the mitral valve was similar to 
two previously reported cases of Ebstein’s anomaly 
of the true mitral valve. !? In the case described by 
Allenstein et a/, however, there was a large ventricu- 
lar septal defect and a hypoplastic left ventricle 
which contributed to the malformation of the mitral 
valve.'* There was clinical and morphological evi- 
dence of mitral valve insufficiency in the case de- 
scribed by Ruschhaupt er a/.! Recently, Leung et al 
have described two additional cases of this very rare 
anomaly. In our case insufficiency of the dysplastic 
mitral valve was identified by Doppler echo- 
cardiography and hypertrophy and dilatation of the 
left atrium. 

Ebstein's anomaly of the tricuspid valve can be 
confidently diagnosed by real time echocardio- 
graphy.!? ^!? The normally inserted mitral valve is 
used as the reference marker to indicate the correct 
position of the right valve insertion in the apical four 
chamber view. This is the most appropriate view to 
assess the annulus and the apical displacement of the 
insertion of the leaflets of the right atrioventricular 
valve and their motion. Additional views permit gra- 
ding of displacement of the atrioventricular valve as 
well as a detailed evaluation of the severity and the 
specific form of any associated malformations. 

In our case the diagnosis proved to be difficult 
because both atrioventricular valves were affected to 
a similar degree by the apical displacement of leaflet 
insertion and there was no mitral reference point for 
examination of the tricuspid valve. Furthermore, be- 
cause both valves were severely dysplastic and did 
not close during systole there was bilateral atrio- 
ventricular valve insufficiency. The correlation be- 
tween the echocardiographic and the pathological 
findings was good and retrospective analysis of the 
echocardiographic recordings in the light of the pa- 
thological findings confirmed the initial diagnosis. 

Right bundle branch block was seen in our case. 
This is a frequent electrocardiographic abnor- 
mality in Ebstein's anomaly, as are modifications 
reflecting the atrial hypertrophy and the 
Wolff-Parkinson- White pattern of conduction.® 7°?! 
These electrocardiographic findings are often the re- 
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sult of right bundle branch malpositions and of ac- 
cessory atrioventricular connections? ^? which 
predispose these patients to sudden, fatal arrhyth- 
mias.?? ^ ?5 We believe that such an arrhythmia is the 
most plausible cause of death in this case. The pres- 
ence of an accessory atrioventricular connection and 
progressive, severe heart failure are the two major 
indications for surgical treatment of Ebstein's anom- 
aly.* !? Neither was seen in the present case; further- 
more replacement of both atrioventricular valves 
would have required anticoagulation and further 
valve replacement with growth and this treatment 
would not have prevented sudden, possibly fatal, 
arrhythmias.! 5 

Despite an extensive review of published reports, 
we did not find another report of the association of 
Ebstein's anomaly of the tricuspid valve with the 
same malformation of the mitral valve. 
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"Late" manifestations of cardiovascular syphilis 


occurring in a young man 


AP BROWN, K D DAWKINS, DJ PARKER 


From the Regional Cardiothoracic Unit, St George’s Hospital, London 


SUMMARY A young man who presented with a short history of angina was found to have syph- 
ilitic coronary ostial stenosis six years after the primary infection. He was successfully treated 


with bilateral internal mammary grafts. 


Syphilis became a rare disease in the West after the 
widespread use of penicillin in the 1950s. The 
present incidence in the United Kingdom has fallen 
to less than 4000 new cases per annum.' The late 
manifestations of the disease are now so rare that 
they are generally considered to be medical curi- 
osities, although occasional cases are seen in elderly 
patients who contracted the infection before penicil- 
lin became generally available. 


Case report 


A 25 year old farmer presented with a three week 
history of chest pain typical of angina occurring on 
moderate exertion. He had previously been very fit 
and active. He smoked 10 cigarettes daily and occa- 
sional cannabis. He gave no history of genital ulcer- 
ation or venereal infection and he denied any 
homosexual relationships. The most likely source of 
infection was thought to have been a casual contact 
six years previously while he was on holiday in In- 
dia. There was a positive family history of ischaemic 
heart disease: his father had undergone coronary ar- 
tery bypass grafting at the age of 54 years and his 
grandfather had sustained a myocardial infarct in his 
50s. 

On examination there were no features of con- 
genital syphilis or stigmata of hyperlipidaemia. 
Blood pressure was 110/60 mmHg, and heart 
sounds were normal with no murmurs. Detailed 
neurological examination showed no abnormality. 
Full blood count, urea, electrolytes, liver function 
tests, and a fasting lipid profile were all normal. The 
erythrocyte sedimentation rate was 10mm in one 
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hour. A rapid plasma reagin card test for syphilis 
was positive at a low titre of 1:8 and the Treponema 
pallidum haemagglutinating antibody and 
FTA(ABS) tests were also positive. The cere- 
brospinal fluid contained 0-4 gs/litre of protein and 
serology was negative. 

The resting electrocardiogram and chest radio- 
graph were normal. During a formal treadmill exer- 
cise test the haemodynamic response was normal but 
the patient developed chest pain during stage five of 
the standard Bruce protocol. The pain was associ- 
ated with 4mm horizontal ST segment depression. 

At cardiac catheterisation the pressures were all 
normal. Aortography showed minor irregularity of a 
normal sized aortic root. There was no aortic regur- 
gitation. A tight left coronary ostial stenosis (fig 1a; 
prevented engagement of an 8F catheter, and a mod- 
erate stenosis of the right coronary ostium just al- 
lowed entry of the catheter. Introduction of the 
catheter into either ostium resulted in an immediate 
fall in pressure with “ventricularisation” of the 
pressure trace. Aortic sinus injections confirmed the 
presence of bilateral ostial stenosis and the adminis- 
tration of nitrates did not alter the appearances. The 
distal coronary vessels were normal. 

At operation the ascending aorta was found to be 
thickened and inflamed. There was a sharp line of 
demarcation with apparently normal aorta lcm 
above the supra-aortic ridge. The aortic valve cusps 
were entirely normal. Neither coronary ostium per- 
mitted the introduction of a 1 mm probe. The right 
internal mammary artery was grafted to the distal 
right coronary artery, the left internal mammary ar- 
tery to the left anterior descending artery, and a sa- 
phenous vein graft to the left circumflex artery. 

A biopsy specimen of the aortic wall showed 
severe aortitis with focal destruction of the media 
and fragmentation of the internal elastic lamina 
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Fig 1 Coronary arteriograms (a) showing left coronary ostial stenosis (left anterior oblique view) and (b) four months after 
operation showing enlargement of the left coronary ostium 





Fig2 Photomicrograph of biopsy specimen of the ascending aorta showing vasculitis, focal destruction of the media, and 
fragmentation of the elastic lamina associated with a florid inflammatory cell response. ( Elastic-van Gieson, original 
magnification x 100 


Syphilstic ostial stenosis 


There was a florid chronic inflammatory infiltrate 
with plasma cells around the vasa vasorum and 
within the adventitia (fig 2). 

Postoperative recovery was uneventful. The pa- 
tient was treated with prednisolone 10mg twice 
daily for five days and procaine penicillin 1-8 mU 
intramuscularly daily for 21 days. 


Subsequently he resumed normal activities and a: 


follow up exercise test was normal. He underwent 
elective repeat catheterisation four months after 
operation. Aortography was normal. Both coronary 
ostia permitted engagement of an 8F catheter with 
ease (fig 1b) and all three coronary grafts were pa- 
tent. 


Discussion 


Syphilis affects the cardiovascular system in several 
ways.^ An aortitis is seen most frequently; this can 
lead to root dilatation, aneurysm formation, aortic 
regurgitation, and stenosis of the coronary ostia. 
Pathologically there is an endarteritis of the vasa 
vasorum associated with a mesoaortitis, patchy loss 
of elastic tissue, and fibrous replacement. Excep- 
tionally rare manifestations of cardiovascular syph- 
ilis include myocardial gumma and coronary 
arteritis. Cardiac involvement is more common in 
men,’ and there is also a pores association with 
systemic hypertension.+ 

Isolated coronary ostial stenosis is een most fre- 
quently in association with atheromatous disease. It 
is found in approximately 0-1% of all patients in- 
vestigated with coronary artery disease.? Necropsy 
data suggest that coronary ostial stenosis occurs in 
20-30% of cases of cardiovascular syphilis.°7 
Scharfman and colleagues noted a low incidence of 
myocardial infarction and suggested that this was 
due to the slow progression of the disease. In con- 
trast, Heggtveit reported a series of 100 cases of 
syphilitic aortitis?; 26 of these cases had coronary 
ostial stenosis, which was associated with aortic re- 
gurgitation in 14. There were 24 cases of myocardial 
infarction; four were caused by ostial stenosis and 
three by a combination of ostial stenosis and ath- 
eroma. Syphilis was thought to have been the pri- 
mary cause of death in 33 cases, and sudden death 
occurred in five patients with coronary ostial steno- 
sis. 

Surgical treatment is aimed at increasing myo- 
cardial perfusion, either by some form of recon- 
structive procedure on the coronary ostium,®~!° or 
alternatively by coronary artery bypass grafting. 
Dubost et al introduced endarterectomy for syph- 
ilitic coronary ostial stenosis in 1959.8 The pro- 
cedure was technically difficult, especially if the 
ostium was not visible from the aorta, and a consid- 
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erable proportion of patients developed restenosis 
during long term follow up.!! More recently, saphe- 
nous vein bypass grafts have been used in several 
centres,!? ^15 but the superior long term patency of 
the internal mammary artery! may make this the 
conduit of choice. 

We treated our patient with prednisolone as well 
as penicillin in an attempt to avoid the Jarisch- 
Herxheimer reaction. Sudden death 1s said to occur 
in this syndrome, possibly due to acute swelling of 
the aortic wall and occlusion of the coronary ostia. 
For this reason, antibiotic treatment was delayed 
until myocardial revascularisation had been under- 
taken. 

The overall incidence of syphilis is falling slowly 
in the United Kingdom, and the proportion of pa- 
tients presenting with late manifestations of the dis- 
ease (currently one third) is rising.! In recent years 
most of these cases have been in patients in middle 
and old age. For example, in a series from Denmark 
between 1960 and 1970 105 patients presented with 
late syphilis of whom 92 were over the age of 45 
years.'’ Forty patients had cardiovascular syphilis 
and six also had neurological involvement. 

There will now be very few patients who con- 
tracted the disease before the antibiotic era, and so 
we should expect to see a higher proportion of youn- 
ger patients in whom the early infection was not 
treated. Possible reasons for missing early syphilis 
include an asymptomatic infection, infection masked 
by antibiotics given for another reason (for example, 
gonorrhoea), and a low index of suspicion now that 
the disease is uncommon. 

The latent period between exposure and late dis- 
ease may be as short as three to five years and 
presentation in patients in their 20s is not un- 
known.'* Syphilis has protean manifestations and 
mimicks many other diseases; it should not be for- 
gotten as a cause of angina especially in a young pa- 
tient. 


We thank Dr E A F Davidson, Department of 
Genitourinary medicine for helpful advice. 
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Atrioventricular canal mimicking tricuspid atresia: 
echocardiographic and angiographic features 


P SYAMASUNDAR RAO 


From the Department of Paediatrics, King Faisal Specialist Hospital and Research Centre, Riyadh, 


Saudi Arabia 


SUMMARY In a rare case of common atrioventricular canal mimicking tricuspid atresia 
the clinical, radiographic, electrocardiographic, and M mode echocardiographic features were 
indistinguishable from those of classic tricuspid atresia. The cross sectional echocardiographic 
appearance and right atrial cineangiographic features were distinctive, however, and can be 
used to discriminate between this anomaly and other types of tricuspid atresia. 


Case report 


An eight year old boy was referred with a history of 
cyanosis since birth and decreased exercise tolerance 
in the past year. Height and weight were both below 
the fifth percentile. Physical examination showed 
cyanosis, clubbing, increased left ventricular 
impulse, prominent thrill at the left upper sternal 
border, single second heart sound, a grade 3/6 pan- 
systolic murmur at the left lower sternal border, and 
a grade 4/6 long systolic murmur at the left upper 
sternal border. 

A chest radiograph showed moderate cardio- 
megaly, decreased pulmonary vascular markings, 
and a left aortic arch. The electrocardiogram showed 
left axis deviation, evidence of left ventricular 
hypertrophy, and decreased anterior and rightward 
forces. An M mode echocardiogram showed a large 
left atrium, markedly enlarged left ventricle with 
normal left ventricular function, small right ventri- 
cle, and a large posterior atrioventricular valve that 
was continuous with a posterior semilunar valve pre- 
sumed to be the aortic valve. No echoes were 
recorded for tricuspid or pulmonary valves. These 
findings were consistent with classic tricuspid 
atresia.! ^ A cross sectional echocardiogram showed 
an ostium primum atrial septal defect, what seemed 
to be a common atrioventricular valve, and a small 
right ventricle (fig la and b). The entrance to the 
right ventricle seemed to be sealed off by a leaflet of 
the common atrioventricular valve. 
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The results of cardiac catheterisation (table) were 
consistent with classic tricuspid atresia. Selective 
left ventricular angiography revealed a large, well 
contracting left ventricle with prompt opacification 
of the right ventricle via a ventricular septal defect of 
moderate size. There was valvar and subvalvar pul- 
monary stenosis. Abnormal attachment of the mitral 
valve leaflets produced a “‘goose neck" deformity of 
the left ventricular outflow tract; this was partially 
obscured by the opacified right ventricle (fig 2a). A 
right atrial cineangiogram showed direct emptying 
of the contrast material into the left ventricle via the 
primum atrial septal defect and common atrio- 
ventricular valve (fig 2b). The left atrium was simul- 
taneously opacified, unlike classic tricuspid atresia 
in which there 1s sequential opacification of the nght 
atrium, left atrium, and left ventricle. The right ven- 
tricle was not directly opacified from the right 
atrium. The child underwent a right Blalock- 
Taussig shunt which improved systemic arterial 
oxygen saturation (84%). 


Discussion 


In this case the right sided component of a common 
atrioventricular valve occluded the entry of the right 
atrium into the right ventricle causing left ventricu- 
lar dominance and underdevelopment of the right 
ventricle. This anomaly appears to be anatomically 
distinct from classic forms of tricuspid atresia but 
produces similar physiological effects. Most cases of 
tricuspid atresia are of the muscular type (89%).° 
Membranous, valvar, and Ebstein’s type atresia each 
cause 3-4% of cases of tricuspid atresia.) Common 
atrioventricular canal mimicking tricuspid atresia is 
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Fig | 
almost closed (b) atrioventricular valve. Note the large ostium primum atrial septal defect (a). While it is 
open the large atrioventricular valve (a) permits emptying of both atria into the left ventricle ( LV). The 
anterior leaflet of the atrioventricular valve occludes the right ventricle (RV) (from the right 


atrium (RA 


Rao 


Subcostal four chamber cross sectional echocardiographic views of the heart with an open (a) and 


and ventricular septal defect (VSD). When it is closed (b) the atrioventricular valve 


continues to occlude the RV ( At TV) while the VSD allows free communication between the ventricles. 


Ap, Apex; Ba, base; L, left; LA, left atrium; R, right 


rarely reported and was only briefly mentioned by 
Van Praagh.* Such cases were not reported in Van 
Praagh er a/'s initial series? or by Anderson er al, 
Weinberg, Bharati er al, Quero Jimenez, and Ando 
etal.9-!? 








Table Cardiac catheterisation data 
Oxvygen Pressure 
Site saturation mm Hg 
Superior vena cava 29 
Inferior vena cava 32 — 
Right atrium 32 a-10, V-8, 
mcan-4:5 
Pulmonary vein 95 - 
Left atrium 78 a-8, V-8, 
mean-4 
Left ventricle 75 110/6 
Aorta 71 110/65, mean 86 
Qp:Qs 16 


———————————————————————————— 


The clinical, radiographic, and electrocardio- 
graphic features of this case were indistinguishable 
from those of tricuspid atresia as were the findings 
on the M mode echocardiogram. The characteristic 
abnormal, superiorly oriented major QRS vector 
(left axis deviation) in the frontal plane seen with 
common atrioventricular canal is a distinguishing 
feature; however, patients with tricuspid atresia also 
have similar orientation of the QRS vector,'' but for 
different electrophysiological reasons. '? '* 

The cross sectional echocardiographic features of 
tricuspid atresia have been well described.'*'* In 
the most common muscular type, a dense band of 
echoes is seen at the site where the tricuspid valve 
should be! '* whereas in the membranous type the 
atrial floor is much thinner and moves back and 
forth into the atrial and ventricular cavity during 
systole and diastole.' 516 [n both types the anterior 
leaflet of the detectable atrioventricular valve is 
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(a) C 





Fig2 (a) Selected frame from the left ventricular (LV) cineangiogram in the posteroanterior view. A large left ventri 
seen with opacification of aorta ( Ao) and main pulmonary artery (PA); the latter is opacified through the right ventricli 
Note the abnormal left ventricular outflow tract which is similar to the "goose-neck" deformity seen in endocardial cushior 
defects and is presumably related to abnormal attachment of the anterior leaflet of the mitral valve. (b) Right atrial (R 
cineangiographic frame in posteroanterior view. The floor of the right atrium is formed by a leaflet of the atriove ntri 
valve (large arrow). Note exit of the contrast material via an ostium primum atrial septal defect ( small arrows) with 
opacification of the left ventricle (LV). The left atrium (LA) is only faintly opacified. There was no opacification of th 
ventricle. C, catheter. 





attached to the left side of the interatrial septum'* junction) can be demonstrated.'* !^ In this case thi 
and the echocardiographic crux cordis (produced by appearance of crux cordis on the cross sectiona 
the spatial arrangement of the atrial and ventricular echocardiogram was abnormal. A large atri 
septal planes and the plane of the atrioventricular ventricular leaflet from the right side occluded tl 


© Muscular (b) Membranous ©) Atrioventricular canal 


Fig3 A drawing showing the cross sectional ec hocardiographic appearance (subcostal four chamber views | of thi 
muscular, membranous, and atrioventricular canal types of tricuspid atresia, In the muscular type, the atretic tricuspid 
valve is represented by a thick band of echoes guarding the small right ventricle (RV ) while in the membranous type the 
tricuspid valve is represented by a thin line. In both these the crux of the heart is well visualised, Note the attachment 
the anterior leaflet of the detectable atrioventricular valve to the left side of the interatrial septum. The drawing al 
shows the atrioventricular portion of the interventricular septum (arrows) inferior to | toward left ventricular apex 

the attachment of this valve leaflet. In tricuspid atresia of the atrioventricular canal type, the anterior leaflet of th 
detectable atrioventricular canal is attached to the anterior wall of the heart; it occludes the right ventricle from the 
right atrium and permits exit of both atria into the left ventricle. An ostium primum atrial septal defect is also shown 
Major components of the crux cordis, including the atrioventricular portion of the interventricular septum, are missing 
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right ventricle and the ventricular septal defect 
when the atrioventricular valve was open (fig la). 
When the atrioventricular valve (fig 1b) was closed 
the right ventricle continued to be occluded and 
could not communicate with the right atrium. The 
ventricular septal defect provided a communication 
between the ventricles. Figure 3 shows the echo- 
cardiographic appearance of these three types of tri- 
cuspid atresia. 

Right atrial angiography showed that the floor of 
the right atrium (large arrow, fig 2b) was formed by 
the atrioventricular valve leaflet and that the right 
atrium communicated with the left ventricle via an 
ostrium primum atrial septal defect (two small 
arrows, fig 2b). This was responsible for the 
simultaneous opacification of the left atrium and left 
ventricle during right atrial angiography. In classic 
tricuspid atresia there is sequential opacification 
of the left atrium and left ventricle. 

The cross sectional echocardiographic and angio- 
graphic features of common atrioventricular canal 
mimicking tricuspid atresia distinguish this anomaly 
from classic tricuspid atresia. 
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Rapid growth of a left atrial myxoma shown by 


echocardiography 


RAYMOND ROUDAUT, PHILIPPE GOSSE, MODESTE DALLOCCHIO 
From the Hópital Cardiologique, Centre Hospitalier et Universitaire de Bordeaux, Pessac, France 


SUMMARY Rapid growth of a left atrial myxoma was demonstrated in a patient who showed no 
echocardiographic evidence of the tumour when he was admitted for coronary artery bypass 
grafting. Eight months later he complained of dyspnoea and fatigue, and cross sectional echo- 
cardiography showed a 6 x 4 cm left atrial myxoma. This was removed and the diagnosis was 


confirmed by histological examination. 


Although atrial myxomas are rare they are the most 
common primary cardiac tumour. With the devel- 
opment of cross sectional echocardiography the di- 
agnosis of atrial myxoma at an earlier stage has 
become easier, and recognised cases are becoming 
more common. However, few data have been col- 
lected about the growth of the tumour. The interval 
from the onset of symptoms to operation or death 
varied from two days to eight years (mean 16 
months) in the retrospective study of St John Sutton 
et al. In the same study there were two recurrences- 
within three years of resection. 

We report the clinical, echocardiographic, angio- 
graphic, and morphological results in a patient in 
whom rapid growth of a left atrial myxoma over 
seven months was demonstrated. 


Case report 


A 45 year old man was referred to the Hópital Cardi- 
ologique, Bordeaux, in April 1983 for evaluation of 
coronary artery disease a few weeks after an inferior 
myocardial infarction. At this first examination no 
murmur was heard. A cross sectional echo- 
cardiogram showed a normal sized left ventricle with 
reduced motion of the inferior wall. Mitral valve 
motion was normal and the left atrium was free of 
any visible mass (figs 1 and 2). A coronary angiogram 
showed three vessel disease with complete obstruc- 
tion of the right coronary artery. Right ventricu- 
lography was not performed; there was no 
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neovascularity of the atrium. The patient sub- 
sequently underwent coronary artery bypass 
surgery. The operation was successful and uncom- 
plicated. A postoperative echocardiogram was nor- 
mal except for showing evidence of persistent 
hypokinesia of the inferior wall. Eight months later 
the patient complained of fatigue and dyspnoea 
(class III New York Heart Association). Cardiac ex- 
amination showed a regular rhythm, an accentuated 
first heart sound, and a diastolic sound. The appear- 
ance of the electrocardiogram was unchanged. A 
cross sectional echocardiogram showed a large glob- 
ular mass (6 x 4cm) in the left atrium, protruding 
through the mitral valve during diastole. The tu- 
mour was attached to the interatrial septum by a 
short broad stalk (figs 1 and 2). A pulmonary cine- 
angiogram confirmed the presence of a large left 
atrial mass which moved through the mitral valve 
into the left ventricle during diastole. This filling 
defect was also visible during left ventriculography 
at the level of the inflow tract. It had not been present 
on the first left ventriculogram in April. Further- 
more, selective angiography of the right coronary 
artery graft produced a tumour blush through small 
branches of the distal right coronary artery. A 
5:5 x 4cm tumour was removed. It had a smooth 
external surface and was attached to the interatrial 
septum. The mass had the typical gross and histol- 
igical features of a myxoma. Light microscopy of 
haematoxylin and eosin stained sections disclosed 
typical scale-like myxoma cells. Alcian blue stained 
sections showed the extensive glycosaminoglycan 
ground substance that is characteristic of a myxoma 
matrix. A myxosarcoma was excluded. The patient 
remains well three years after operation. 


413 


414 Roudaut, Gosse, Dallocchio 





Fig 1 M mode echocardiograms. (a) Recorded in April when mitral valve motion was normal 
and left atrium (LA) appeared to be free of any visible mass ( LV, left ventricle). (b) Eight months 
later abnormal echoes showed the presence of a mass protrudirg through the mitral valve during 


diastole. 


Rapid growth of a left atrial myxoma shown by echocardiography 





Fig2 Apical four chamber views. (a) In April when the chamber was free of abnormal masses. ( Top, diastole; bottom, syst 
Left cavities are on the right. (b) Eight months later a large mass was seen in the left atrium during systole (bottom). During 


diastole the mass protruded through the mitral valve into the left ventricular inflow tract (top a, apex; b, base, r, right 
left 
Discussion of the second tumour could not be removed com 


pletely it was cauterised. Seven months after 
The time taken for an atrial myxoma to produce second operation there was a second recurrence fron 
symptoms is variable.*~* To our knowledge this is the previously cauterised base. Read er al concluded 
the first well documented case of rapid growth of an that partial excision was the most likely 
atrial myxoma. Cases of rapid recurrence of left atrial recurrence but that rapid recurrence does not alwa 





caus ) 


myxoma have been reported, however. St John Sut- follow incomplete resection.^ 

ton et al reported two tumour recurrences within Some workers have described rapid symptomatic 
three years of myxoma resection.’ Read et al re- deterioration probably caused by haemorrhage 
ported two recurrences of the tumour in the same within the rapidly enlarging myxoma. In our 
patients”; the first myxoma was attached to the inter- perience of 26 atrial myxomas we found only one 
atrial septum and was excised and the first recur- recurrence; this occurred seven years after the initia 
rence (from the left posterolateral atrial wall) resection. 


occurred 15 months after resection. Because the base Cross sectional echocardiography should be 
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peated if new clinical features develop that are com- 
patible with an intracardiac tumour. Multiple views 
were recorded -during each examination -in - the 
present case. We believe that the tumour was too 
small to be seen at the first examination. The tumour 
in our case was unusually vascular. Increased vascu- 
larity is also found in cases of left atrial thrombi.’ 
Some workers believe that highly vascularised 
myxomas may be difficult to diagnose by echo- 
cardiography because their echogenicity is low.? In 
our case, however, vascularisation of the left atrium 
was not abnormal on the first coronary angiogram in 
April and when the tumour was discovered by cross 
sectional echocardiography the following December 
the mass 

echogenicity. 


We thank Professor F Fontan and Dr N Sourdille for 
-their contributions to this study and Professor A 
de Mascarel and Dr- J F Goussot, Service 
d’Anatomopatholgie, Hépital St André, 33000 Bor- 
deaux, who performed the histological examination. 
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Variant angina induced by biliary colic 


DANTE ANTONELLI, TIBERIO ROSENFELD 
From the Department of Cardiology, Central Emek Hospital, Afula, Israel 


SUMMARY A 65 year old woman with gall stones presented with crushing chest pain after an 
attack of biliary colic. The electrocardiogram showed ST segment elevation in leads I, aVL, and 
V1-V3 while leads II, III, and aVF showed ST segment depression. Cardiac enzyme activity 
remained within the normal range. During the next three weeks attacks of epigastric and right 
hypochondrial pain preceded by crushing chest pain with identical electrocardiogram changes 
occurred with decreasing frequency. Coronary arteriography showed 60°% obstruction of the left 
anterior descending coronary artery and good left ventricular function. During the next three 
years the patient complained both of mild abdominal pain, probably biliary colic, and mild effort 
related angina pectoris without a relation between the two symptoms. 

It is suggested that the attack of variant angina was triggered by biliary colic through 
sympathoadrenal discharge causing vasospasm. 


Variant angina pectoris is characterised by recurring 
attacks of chest discomfort at rest associated with 
ST segment elevation on the electrocardiogram. ST 
segment changes disappear as the pain subsides and 
there is no evidence of myocardial necrosis. Various 
stimuli have been reported to induce variant 
angina'; we describe a case of variant angina pectoris 
precipitated by biliary colic. 


Case report 


A 65 year old woman was admitted to our 
department with crushing left chest pains radiating 
to the neck. These followed intense spasmodic pain 
in the epigastrium and right hypochondrium radi- 
ating to the right shoulder. During the year before 
admission she had occasional attacks of mild right 
upper quadrant pain precipitated by fatty meals 
which were diagnosed as biliary colic; oral chole- 
cystography showed gall stones. 

On admission the patient was pale and sweating; 
her blood pressure was 140/80 mmHg, the pulse 
was regular 80 beats/min, and she weighed 82 kg. 
There was acute tenderness at the upper abdomen; a 
fourth heart sound was audible on the precordium; 
the remainder of the examination was unremarkable. 
Chest xray was normal. The electrocardiogram 
showed sinus rhythm, T wave inversion in leads 
V2-V4 (fig la). Laboratory data were as follows: cre- 
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atine kinase 2-4 ukat/I (normal value < 1:6), alanine 
aminotransferase 0-66 ykat/I (normal « 0:37), aspar- 
tate aminotransferase 0:37 ykat/l (normal < 042), 
serum bilirubin 36 pmol/l (indirect 13-7 umol/l), 
haemoglobin 142 g/l, haematocrit 43°;,, and a white 
cell count 10500 with a normal differential count. 
The day after admission she complained of spas- 
modic pain in the epigastrium and right hypo- 
chondrium; some while after, the pain worsened and 
radiated to the right posterior region of the thorax: 
the electrocardiogram showed sinus rhythm and 
biphasic T waves in leads V2-V4 (fig 1b). About 20 
minutes later an intense oppressive chest pain devel- 
oped, radiating to the neck, while the electro- 
cardiogram showed sinus rhythm 74 beats/minute, 
ST segment elevation in leads I, aVL, and V1-V3 
with ST segment depression in leads I1, III, and 
aVF (fig 1c). The spasmodic epigastric and hypo- 
chondrical chest pain gradually disappeared after 
half an hour and the electrocardiographic pattern 
returned to that observed on admission (fg 1d); 
twelve hours later an electrocardiogram revealed 
biphasic T waves in leads V2-V4 (fig 1e). Cardiac 
enzyme activities remained in the normal range. 
She was started on nifedipine (60 mg daily}. The 
next day she had another attack of biliary colic 
angina with similar ST segment elevation on the 
electrocardiogram and papaverine (80 mg three 
times a day and verapamil (80 mg) three times a day 
were added to the treatment. In the next three weeks 
she complained of other attacks, but these declined 
in duration and intensity and the degree of ST seg- 
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ment elevation also lessened. Cardiac enzyme activ- 
ities remained in the normal range. 

A month after admission the T waves in leads 
V2-V4 became positive and cardiac catheterisation 
revealed 60°, obstruction of the left anterior 
descending coronary artery and good left ventricular 
function. The patient felt well and was discharged. 

In the next three years she continued to complain 
of angina pectoris on effort (functional group New 
York Heart Association II) and of mild pain in the 
right upper quadrant, which was probably biliary. 
The occurrence of these two symptoms was 
unrelated. The patient refused cholecystectomy and 
continued taking calcium antagonists. 


Discussion 


In our patient the onset of the chest pain at rest, the 
typical electrocardiographic changes, and the lack of 











Fig Electrocardiograms recorded in a patient in whom 
biliary coli: was believed to have triggered an attack of 
variant angina. (a) Electrocardiogram recorded on 
admission showing sinus rhythm and T wave inversion in 
leads V2-V4. (b) Electrocardiogram recorded during the 
“biliary colic” and before the onset of the variant angina, 
showing biphasic T waves in leads V2-V4; 

(c) Electrecardiogram recorded during the onset of chest 
discomfort, showing ST segment elevation in leads l-a V L, 
VI-V3, with ST segment depression in leads II, I, aVF. 
(d) Electrocardiogram recorded at the end of the biliary colic 
angina attack, showing a T wave inversion in leads V2-V4. 
(e) Electracardiogram recorded twelve hours after the attack 
of biliary colic and angina, showing biphasic T waves in leads 
V2-V4. 





evidence of myocardial necrosis justify the diagnosis 
of variant angina pectoris; however, the presence of 
a 609, narrowing in the left anterior descending 
coronary artery suggests that it was mixed rather 
than classic variant angina. In this patient biliary 
colic caused a cramping pain in the right upper 
quadrant that radiated to the right posterior region 
of the thorax, whereas cardiac ischaemia caused a 
crushing pain in the left chest that radiated to the 
neck. Moreover, the pattern of the electro- 
cardiogram during the biliary colic and before the 
onset of the chest discomfort was similar to that 
recorded during the pain free period. The temporal 
relation suggests that the onset of biliary colic trig- 
gered the variant angina. 

Coronary artery spasm? causes variant angina 
pectoris; but the mechanism by which it occurs 
remains unclear. It usually occurs at the site of an 
atheroscierotic lesion? and the normal mechanism 
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by which the endothelium counteracts vasospasm 
has been compromised.* 

Coronary arteries are innervated by both sym- 
pathetic and parasympathetic nerves, both 2, (vaso- 
constrictor) and fj, (vasodilator) adrenoceptors are 
present in the large vessels but the f, adrenoceptors 
predominate functionally; in the branch arteries 
only f, adrenoceptors are present: x; adrenoceptors 
and muscarinic receptors are present on the sym- 
pathetic nerve endings of the coronary arteries; their 
activation reduces the release of noradrenaline and 
hence lessens the dilatation of these vessels. 

Both parasympathetic or g adrenergic* ^ stimu- 
lation can precipitate coronary vasoconstriction. 
A relation between spasm of the coronary artery and 
spasm of the oesophagus was found in some patients 
and the stimulation of « adrenergic receptors was 
suggested as the common pathogenetic mechanism. 
We think that in our patient the sympathoadrenal 
discharge accompanying biliary colic could have 
triggered the « adrenoceptors causing coronary 
vasospasm that resulted in an attack of angina. 
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Reversibility of primary pulmonary hypertension 
during six years of treatment with oral diazoxide 


Sir, 

We were interested to see the report by Chan et al 
(1987;57:207~-9). In 1981 we described a patient 
with primary pulmonary hypertension who went 
into a complete remission after treatment with oral 
diazoxide.! The drug was stopped after 15 months 
because of side effects and the pulmonary hyper- 
tension returned. Diazoxide was recommenced and 
the patient has remained well and symptom free 
since. It is now nine years since she originally 
presented. Although her pulmonary artery pressure 
has not been measured recently she is clinically in 
remission. There is slight elevation of the venous 
pressure and the right ventricle is easily palpable. 
There is a soft ejection systolic murmur in the pul- 
monary area and a loud pulmonary second sound. 
The chest radiographs show slight prominence of 
the main pulmonary artery but a normal heart size. 
'There has been considerable improvement in the 
radiographic appearances since presentation and the 
electrocardiographic changes of right ventricular 
hypertrophy have resolved. Her only other treat- 
ment has been warfarin with chlorpropamide and 
diuretics for side effects of the diazoxide. 


We are convinced that the improvement in our 
patient's condition’ is the result of diazoxide 
treatment and we intend to continue the drug 
indefinitely. The publication of this further case 
supports our view that vasodilator drugs should be 
considered in all patients with primary pulmonary 
hypertension. 


D R Hall, 

Ipswich Hospital, 
Heath Road, 
Ipswich, Suffolk. 
M C Petch, 
Papworth Hospital, 
Papworth Everard, 
Cambridge. 
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Viral myocarditis and dilated cardiomyopathy in 


early childhood 


Sir, 
I read with interest the paper by Weinhouse et al 
(1986;56:94-7) describing the value of serial echo- 
cardiography in the follow up of infants and children 
with dilated cardiomyopathy. While agreeing with 
the value of such investigations, I remain concerned 
that the evidence for a viral myocarditis as the expla- 
nation of the dilated cardiomyopathy was somewhat 
incomplete. Viruses were grown from four of their 10 
patients while in one an antibody titre suggested a 
recent infection. They indicated that all 10 infants 
had histories compatible with previous viral ill- 
nesses. 

While I accept that it is very difficult to be certain 
of a viral aetiology in such patients,! it is essential to 


exclude potentially treatable conditions. Other 
workers have emphasised the importance of looking 
carefully for an anomalous left coronary artery aris- 
ing from the pulmonary  trunk.?? Echo- 
cardiographic evidence and the use of other 
non-invasive techniques have at times proved incon- 
clusive. Direct visualisation of the coronary arteries 
at aortography remains essential. Endomyocardial 
biopsy may sometimes provide information that is 
not obtainable in any other way. For example, we 
recently had a child admitted in severe cardiac fail- 
ure, from whom a Coxsackie A virus was grown 
from a throat swab. She subsequently was shown on 
endomyocardial biopsy to have iron infiltration of 
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the myocardium consistent with idiopathic hae- 
mochromatosis. She has responded well to repeated 
venesection. Leatherbury et al reported the value of 
such biopsies, which changed the diagnosis in 38%, 
of their 16 patients, 14 of whom presented with a 
clinical diagnosis of dilated cardiomyopathy or myo- 
carditis.* 


Samuel Menahem, 
Department of Cardiology, 
Royal Children's Hospital, 
Melbourne, Australia. 
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Notice 


British Cardiac Society 
Qu 


The Golden Jubilee Meeting will be held at the 
Wembley Conference Centre, London, 
on 24 to 26 November 1987 





The meeting will be chaired by Donald Ross. In the first of two plenary sessions entitled 
"Great British Cardiologists of the Past": 


Rae Gilchrist will talk on The Formation of the Cardiac Society; 
Edwin Besterman on A D Waller; 
Arthur Hollman on Sir Thomas Lewis; 
Dennis Krikler on Sir James Mackenzie; 
Walter Somerville on Paul Wood; 
Donald Ross on Lord Brock. 


The second plenary session is "Cardiology—the Future" in which the chairmen of all the 
working parties will participate: 
Edgar Sowton: Angioplasty; 
Anthony Rickards: Pacemakers; 
Douglas Chamberlain: The District Genera! Hospital; 
John Parker: Cardiac Surgery. 


There will also be a full nurses' programme on Tuesday 24 November. 





The Annual General Meeting for 1988 will take place in Belfast on 23 & 24 March 1988, 
and the closing date for receipt of abstracts will be 4 January 1988. 
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The medical treatment of angina pectoris 


DOUGLAS A CHAMBERLAIN 
From the Royal Sussex County Hospital, Brighton 


Fifty years ago, the treatment of angina pectoris 
made no strong claim for space in journals of cardi- 
ology. In January 1939 Maurice Campbell submit- 
ted the first article on angina to be published in the 
British Heart Journal,’ but it was no more than a 
case report. Five years were to pass before a paper on 
treatment appeared, written by Wilfred Stokes.” He 
reported an investigation of the value of nicotinic 
acid in this condition but concluded that the drug 
did not improve either the prevention or relief of 
pain. The first and last sentences of the article were 
similar: both stated that glyceryl trinitrate had no 
equal in the treatment of angina pectoris—a con- 
tention that remained true and mostly unchallenged 
well into the professional lives of many cardiologists 
practising today. 


The new era of treatment 


The therapeutic breakthrough came with the intro- 
duction into clinical medicine of f adrenergic block- 
ade: there was no fanfare, but the new class of drugs 
was recognised as important enough to merit three 
papers in a single issue of the Lancet, one of which 
included the first account of pronethalol in the treat- 
ment of angina.? By the time this first clinical agent 
was found to be unacceptable because of its toxicity* 
others were available to take its place. Despite the 
obsessive care in drug registration by the Food and 
Drug Administration that held back progress in the 
United States for nearly 10 years, f blockade rapidly 
became an established treatment. When verapamil 
was introduced, the antianginal effects of this pow- 
erful drug were not recognised at first as being the 
result of a novel type of action. There was, indeed, a 
celebrated correspondence in the Lancer® in which 
notable experts debated whether the efficacy of vera- 
pamil was due principally to its actions as a f 
blocker—by then the passport to respectability. But 
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the calcium channel antagonists have come of age, 
with a plethora of agents that show more pharma- 
codynamic diversity than the ff adrenergic blockers. 
We have also acquired sustained action nitrates of 
proven efficacy, and we have the possibility of wid- 
ening horizons for intervention together with a 
bewildering number of drug combinations. 


The introduction of f blockers 


The introduction of f adrenergic antagonists owed 
nothing to serendipity, which is so often the father of 
progress. During the late 1950s, Black (later Sir 
James) started his quest for a method of sparing 
myocardial oxygen demand by attenuating the 
effects of sympathetic drive on the heart, and led his 
colleagues in the pharmaceutical industry in the 
development of analogues of isoprenaline that would 
block the f receptors," the very existence of which 
had been postulated only a few years before. He 
was not the first to produce such a compound: sci- 
entists at the Eli Lilly laboratories had already 
developed dichloroisoprenaline? which had become 
a useful pharmacological tool that first stimulates 
but then blocks the f receptors. But the clinical 
potential of f blockade was not seen by the earlier 
workers. Others, however, were awakening to the 
value of inhibiting sympathetic influences on the 
heart. At St Bartholomew’s Hospital, sym- 
pathectomy was a relatively common treatment for 
angina during the late 1950s; Hayward and Apthorp 
were particularly interested in the improvement in 
effort tolerance that accompanied surgical inter- 
ruption of the pain fibres. They exercised patients 
on a treadmill to look for evidence of dangerous 
ischaemia that might be masked postoperatively. 
They reported, however, evidence of an 
improvement in myocardial performance and 
showed that abnormalities in the electrocardiogram 
recorded after effort could be abolished or delayed 
by surgery.!? As a newly fledged research registrar 
bereft of a project, after the untimely death of 
Weitzman in the same department, I decided to 
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investigate this phenomenon and concluded first 
that it must be due to interruption of the afferent 
(motor) sympathetic fibres rather than to pain con- 
trol, and secondly that it should be possible to 
reproduce the effect with dichloroisoprenaline or a 
similar agent. Many months of correspondence with 
Eli Lilly followed, and a supply of dichloro- 
isoprenaline (with a disclaimer of responsibility) 
came two days before the publication of the first 
Lancet papers by Black and his colleagues. Only the 
correspondence and a generous attribution by one of 
the other early workers who had read the letters?’ 
remained to sustain my unrealistic pipedream of 
fame. 


Mechanisms of action of f/ blockers 


The mechanisms of action of f/ blockade in angina 
are now well known, and can be most easily under- 
stood in the context of the concept of the supply and 
demand of energy for the work of the heart.!? On the 
demand side of the equation, heart rate and energy- 
wasting contractility are reduced, while the reduc- 
tion in free fatty acid concentration may force myo- 
cardial metabolism towards greater dependence on 
carbohydrate metabolism that is more economical in 
terms of oxygen use. Wall tension is another factor 
that may decrease in response to a reduction in blood 
pressure, but this can be countered by any appre- 
ciable dilatation of the heart as a result of f 
blockade!? which changes the relation between ten- 
sion in the ventricular wall and intracavity pressure. 
On the other side of the equation, the potential for 
the supply of energy will be favoured by the longer 
diastolic filling time after B blockade, but perfusion 
pressure may be augmented less during exercise; the 
effects on the tone of coronary vessels are con- 
tentious and probably variable. Thus not all effects 
are favourable and individuals vary in the degree to 
which symptoms improve. 

The effect of f blockade on the mortality of angina 
is unknown and unlikely ever to be tested in a formal 
clinical trial because the use of a control group 
deprived of agents of so much symptomatic value 
has never been appropriate. This is unfortunate 
because other drugs of comparable efficacy for relief 
of angina are now available. A few facts may be 
worth pondering, however, when considering guide- 
lines for treatment: first, the mortality in patients 
with angina in the United States improved at about 
the time f blockers were introduced! ^; secondly, one 
trial in general practice did show an appreciable 
reduction in mortality in patients on f blockers; 
however, allocation to the treatment and control 
groups was not based on an acceptable random- 
isation procedure!?^; thirdly, protection by some 
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agents has been demonstrated during the con- 
valescent phase after infarction. This is hardly 
compelling evidence for the contention that f) block- 
ers save life in patients with angina, but taken in 
association with evidence of a protective effect 
against arrhythmias in animal models! and the 
symptomatic relief they provide, we should continue 
to regard them as the sheet-anchor of treatment for 
most patients in the forseeable future. 


Calcium antagonists 


The introduction of calcium antagonists into clinical 
medicine also followed research in basic physiology. 
The concept was pioneered and developed by Fleck- 
enstein et al.'® It now embraces agents of widely 
different structure and with pharmacological effects 
both at membrane level (calcium entry blockers) and 
within cells. The criteria for inclusion of substances 
as calcium antagonists are not agreed, and the 
classification in some recent reviews is complex.!? 
The drugs of greatest interest in cardiology are the 
entry blockers that are selective and influence the 
slow calcium channels of the myocardium and 
arteries—including the coronary arteries. Their 
pharmacological activity depends at least in part on 
limiting the binding of calcium to calmodulin within 
smooth muscle; calcium calmodulin activates myo- 
sin light-chain kinase which phosphorylates myosin, 
and this in turn promotes contractile activity.^? 

The drugs licensed for use in the United King- 
dom have a range of activity: verapamil has the most 
effect on myocardial contractility and on the activity 
of the sinus and atrioventricular nodes, while 
nicardipine has the least direct action on the heart 
and greatest relative effect on vascular (including 
coronary) tone. Nifedipine resembles nicardipine 
and from a clinical viewpoint is similar; diltiazem is 
near the middle of the spectrum with important 
actions of both types. 

What are the clinical implications of these 
differences in the actions of calcium channel block- 
ers? In summary, verapamil is a powerful anti- 
anginal agent that at least matches fj blockers in 
efficacy as a single agent for the treatment of anginal 
syndromes caused by obstructive coronary dis- 
ease.?! ?? But it must be used with caution because 
its negative inotropic effect can precipitate heart 
failure?? and its effect on the conducting system can 
cause sinoatrial block, atrioventricular block, and 
asystole.^*^ Because of the resemblance to the 
adverse effects of $ blockade (mediated by mech- 
anisms that are different yet complementary) the 
high risk of combination treatment? ?? should cause 
no surprise. It can be used successfully, however, in 
patients with coincident bronchospasm and symp- 
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tomatic peripheral vascular disease. Towards the 
other end of the spectrum, nifedipine is a safe drug 
with unwanted effects that can be very unpleasant?’ 
yet are reversible and hardly ever life threatening; 
nicardipine may share this advantage. The special 
role of these two drugs lies in the prophylaxis of 
variant or vasospastic angina, but they are nor the 
agents of first choice for the treatment of exertional 
angina unless others are contraindicated. Unlike 
verapamil, however, they are useful in combination 
with fi blockers, since reduction in afterload may be 
of value and many patients with obstructive disease 
do have symptoms caused by inappropriate coronary 
tone or spasm.?® Diltiazem has a broader range of 
efficacy than other agents because of its more central 
position on the calcium antagonist spectrum, though 
it is unlikely to be as effective as verapamil for syn- 
dromes that are dominantly obstructive nor as 
effective as nifedipine or nicardipine for syndromes 
that are dominantly vasospastic. Its value lies in its 
therapeutic versatility, its relative safety compared 
with verapamil, and in the smaller risk of its use in 
association with f blockers. 


The nitrates 


Glyceryl trinitrate is the oldest of the present day 
drugs used to control angina; it was first used to treat 
migraine.? The image of the nitrates has been 
freshened by the relatively recent demonstration 
that oral treatment can provide sustained 
effects,?? 31 by the introduction of new methods of 
administration,?? "^ and by advances in our know- 
ledge of their mechanism of action. Controversy 
continues about the value of sustained action in this 
class of compounds. While this is clearly a desirable 
therapeutic goal, it carries the risk that efficacy may 
be negated by the tolerance which develops so rea- 
dily with nitrates. Short term studies can show 
impressive persistence of the antianginal effect of 
isosorbide dinitrate in a range of doses for up to 
eight hours after dosing,*! but with long term treat- 
ment, with doses four times a day, tolerance does 
develop and some efficacy is lost.?? For this reason, 
some have doubted the value of nitrates in regular 
drug regimens to control angina and have restricted 
their use to sublingual preparations for short lived 
relief, 

Recent studies suggest that long acting nitrates are 
important in prophylaxis. Tolerance occurs particu- 
larly in response to the persistence of a threshold 
concentration of nitrates in the body, and it is greatly 
mitigated by even brief “nitrate free" periods during 
the 24 hour day. Thus no tolerance was noted when 
oral isosorbide dinitrate was given for a month at 
8am and 1 pm.?$ In tests lasting a week, exercise 
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time was improved for only an hour after dosing four 
times daily but for five hours if doses were restricted 
to three times a day.?7 For patients with daytime 
effort angina, Parker has suggested that treatment 
incorporating the administration of long acting oral 
nitrates three times a day may be appropriate pro- 
vided the last dose is taken with an early evening 
meal rather than at bedtime.?? The theoretical risk 
of rebound coronary constriction, similar to that 
experienced as nitrate concentrations fell in workers 
with occupational exposure?? has not become appa- 
rent in the clinical evaluation of these agents. 

'The mechanism of action of nitrates 1s not yet 
fully understood but knowledge is unfolding 
rapidly. They confer benefit in patients with angina 
with more consistency than any other class of agent, 
yet their effects on the systemic circulation seem not 
to be wholly beneficial. In particular the tachycardia 
induced by nitrates must be unfavourable both in 
terms of energy demands by the myocardium and 
the metabolic supply to it. Clinicians must often 
have been puzzled as they saw the rapid relief of pain 
despite increasing heart rate in their patients, and 
sometimes at least must have wondered what 
unrecognised benefits may be occurring. Apprecia- 
tion that all was not understood has been reflected in 
a grumbling controversy on how far relief from 
angina accrued from systemic effects and how far 
from effects on the coronary circulation. The 
pendulum, once firmly on the systemic side, has 
moved recently to a more central position with the 
recognition that the pathophysiology of angina 
forms a continuum with obstructive disease at one 
end and spasm at the other; the syndrome in most 
subjects occupies a position somewhere in between. 
Increased coronary tone may contribute in a rec- 
ognisable fashion to the pattern of angina, *? it may 
increase paradoxically and harmfully as ischaemia 
develops,?? and it may account for variation in effort 
tolerance—as shown for example in the second wind 
phenomenon.*! Nitrate induced coronary vasodila- 
tation at the site of this potential increase in tone 
must complement the systemic effects?? which have 
never seemed an adequate explanation for the 
mechanism of such an effective drug. 

At a cellular level the theories that are pro- 
pounded must take account of the propensity 
of these drugs to produce tachyphylaxis during 
continuous administration and a subsequent rapid 
recovery from this response. Nitrates may work after 
conversion to nitric acid or nitric oxide which is then 
converted to nitrosothiols by reacting with the 
sulphydryl compounds in vascular smooth 
muscle.*? These nitrosothiols in turn stimulate 
guanylate cyclase and increase production of gua- 
nosine monophosphate which reduces calcium entry 
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into the muscle cell. The possible relation with con- 
ventional calcium channel blockers is evident, but it 
should be noted too that nitric oxide has recently 
been identified as endothelium derived relaxing fac- 

' tor.43 This factor is present in intact endothelium 
and can be released by acetyl choline. It is believed 
to mediate some physiological vasodilatation, and 
already there is evidence that defects in the 
mechanism have a role in disease.** 

In 50 years the wheel has turned full circle and 
nitrates are once again a focus of interest. No longer 
the only effective agents as in Stokes’s time, they 
now are central to an attractive unified hypothesis 
for physiological and pharmacological mechanisms 
of coronary vasodilatation. Many therapeutic agents 
must interact with the chain of events extending 
from nitric oxide and endothelium derived relaxing 
factor to the calcium entry that controls coronary 
vasomotor tone. Nitrates, indeed, may resemble 
opiates in being therapeutic agents of long standing 
that owe their potency to a chemical relation with 
substances used in natural control mechanisms. 


Other antianginal agents 


Some drugs with proven efficacy in angina do not fit 
easily into the classification comprising nitrates, fj 
blockers, and calcium antagonists. The most notable 
is perhexiline maleate which was undoubtedly a 
most useful agent before it was withdrawn by the 
manufacturers. The most serious unwanted effects 
occurred particularly in people with defective 
hepatic hydroxylation,** which affects the rate of 
metabolism of many drugs, but the benefits were 
impressive in most patients with exercise induced 
angina. The drug has some calcium channel block- 
ing activity though it has no negative inotropic 
effect. 'The antianginal action probably depends on 
the diversion of myocardial metabolism from fatty 
acid substrates to the more oxygen-sparing carbo- 
hydrates.*® We lack an alternative agent of this type, 
and many regret that perhexiline can no longer be 
used as a secondary drug for patients with refractory 
angina. Harm is unlikely if plasma concentrations 
are controlled and an assay is available.*" 


The next 50 years 


What of the future? We cannot foretell the path of 
progress over the next 50 years, but in the fore- 
seeable future we may have agents that will modify 
more specifically the effects of sympathetic 
influences on coronary tone perhaps by « blockade, 
we will certainly have useful adrenoceptor blockers 
that are partial agonists, a plethora of new calcium 
antagonists, and perhaps new agents with actions 
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that modify myocardial metabolism. We can be 
reasonably optimistic that the longer term will bring 
greater understanding of the pathogenesis of 
atheroma, the ability to control both its progession 
and its complications, and ultimately agents to 
promote its regression. The next jubilee editorial in 
the British Heart Journal on the medical treatment 
of angina would then be predominantly a historical 
review. 
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Cardiology: a transatlantic view (1) 


KENNETH I SHINE 


From the Umversity of California, Los Angeles, School of Medicine, Los Angeles, California, USA 


As a cardiology trainee at the Massachusetts General 
Hospital I studied with Paul Dudley White. When 
Dr White reminisced about his medical career I 
heard tales of Sir Thomas Lewis and the events that 
led to the description of the Wolff-Parkinson-White 
syndrome. Dr White’s experience in Britain formed 
the basis for the development of American cardiol- 
ogy. He brought back with him clinical and experi- 
mental views of the electrocardiogram, insight into 
the value of a careful detailed history and physical 
examination, and an admiration for clinical in- 
vestigation that was reflected in his own subsequent 
work. American cardiology owes much to its British 
heritage and I have the sense of a personal con- 
tinuum with that legacy. 

During 1984-85 I was a visiting professor and 
consultant at the National Heart Hospital. I prac- 
tised cardiology and was responsible for a firm 
within the hospital. I was also provided with labora- 
tory facilities and support from the British Heart 
Foundation in order to carry out a laboratory 
project. I should like to reflect on some of my experi- 
ences with patient care and research during that 
period. 

Many American commentators have reported on 
the organisation and administration of the National 
Health Service as an institution, comparing it with 
the fee for service arrangement in the United 
States.! ? I prefer to focus on the function of British 
cardiology rather than on its organisation. My per- 
spective was principally limited to experiences in 
London teaching hospitals with an occasional visit to 
the provinces and to general practitioners. As a con- 
sultant, however, I dealt with physicians throughout 
the country and met many general practitioners 
participating in continuing education within the 
National Heart Hospital. 
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The patient-doctor relationship 


Compared with American doctors, British physi- 
cians continue to occupy a position of much greater 
authority in relation to patients. My British patients 
rarely participated in decision-making about care, 
which is the practice in America. When I began to 
explain a procedure or treatment patients usually 
interrupted and suggested that they merely wanted 
to know what I recommended. Most of the hospital 
outpatient departments that I visited were character- 
ised by a large desk that separated the patient from 
the physician. 

I was particularly impressed by the stoicism of 
British patients. They rarely complained of discom- 
fort or inconvenience. Frequently, when a procedure 
was complicated or unsuccessful, the patient seemed 
almost to apologise for the result. Several house phy- 
sicians told me that they avoided American patients 
because Americans asked too many questions, wor- 
ried about costs, and took too much time. 

It was reassuring for patients to place themselves 
so completely in doctor's hands. A Law Lord de- 
scribed this as “trust.” This response, however, 
often minimised the patient’s responsibility for his 
or her own health. This was particularly true when 
changes in life style were discussed—for example, 
alterations in diet, cigarette smoking, or physical 
activity. 

Many British colleagues told me that the interest 
of American patients in procedures and the greater 
development of informed consent in the United 
States arose out of the malpractice problem. In part 
this is true, particularly, for informed consent. But 
this view overlooks the advantages that accrue from 
general knowledge and understanding of health, dis- 
ease prevention, and risk factor modification. Death 
rates from ischaemic heart disease fell by 40% in 
North America between 1963 and 1982. Several 
studies, particularly the long term follow up by Du- 
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pont of all of its employees,? showed that until the 
end of 1975 the principal change was a decrease in 
first events—that is death, heart attack, and angina. 
After 1975 increased survival after a coronary event 
contributed to improved outcomes. Life expectancy 
in North America has increased. Northern Ireland, 
Scotland, and Wales and England now have the 
highest death rates from ischaemic heart disease of 
the Western industrialised world.* British physi- 
cians continue to point out possible discrepancies in 
arguments for the cholesterol hypothesis, to criticise 
efforts to control mild or moderate hypertension, 
and to minimise efforts at weight control while at- 
tributing the failure of the death rate to decline to a 
lack of cardiologists. Meanwhile Australia, New 
Zealand, and most of Western Europe are becoming 
healthier in terms of heart disease. 

There seemed to be a general medical apathy 
about disease prevention in Britain. This is remark- 
able in a society that unravelled the epidemiology of 
cholera and the link between cigarette smoking and 
cancer. In a Channel 4 debate on nutrition and 
cardiovascular health I saw a distinguished British 
cardiologist argue that the plight of the country’s 
dairy farmers should not be exacerbated by recom- 
mendations about the consumption of dairy prod- 
ucts. I found this comment remarkable in the light of 
the tradition that the physician’s responsibility is to 
the patient and not to any other party or group. What 
is the responsibility of British cardiology to pre- 
vention and to patient education? If the patient is to 
be so completely trusting is there not greater re- 
sponsibility for health maintenance, counselling, and 
prevention? While some of the leaders of British 
cardiology continue to denigrate the cholesterol-diet 
hypothesis, vigorous efforts at prevention are lacking 
and death rates remain high. 


Medical outcomes 


There are of course great differences in the nature of 
services and the rate of their provision within the 
National Health Service compared with other health 
care delivery systems. I believe that American med- 
icine tries to do too much to terminally ill patients, 
to the elderly, and even as part of routine care. The 
United States spends approximately 11-4% of its 
gross national product on health while Britain 
spends approximately 5-6%. In North America 
health services research is revealing many examples 
of over-utilisation and the rate of the rise in cost has 
begun to slow. Prospective payments (diagnosis 
related groups) have sharply shortened length of 
hospital stays. But in London I had difficulty in 
obtaining current information on health care results 
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where under-utilisation and/or long delays in treat- 
ment were suspected. How many patients die while 
awaiting bypass surgery? What are the outcomes of 
care provided in one area where the wait for 
operation is twice as long as in another area? With 
continuing cuts to the National Health Service bud- 
get should not vigorous health services research be 
mandatory in order to deal rationally with public 
policy? Have closures of casualty departments 
affected emergency care mortality and morbidity? If 
the United States spends too much, how does one 
rationally decide what is too little? 

A corollary to the problem arises out of the tradi- 
tional role of the British consultant cardiologist who 
does all things. Even in large teaching hospitals some 
cardiologists insist upon doing all procedures upon 
their patients. There was a striking example of this 


„in a report to a meeting of the British Cardiac Society 


that I attended. The report focused upon the 
indications for emergency surgical operations after 
angioplasty. In this study the overall surgical rate 
was unacceptably high by any standards. When I 
inquired I learned that four different cardiologists 
had performed the initial 66 angioplasties in the 
series. In view of the well documented learning 
curve for angioplasties it is clear that only one or two 
cardiologists should have performed these pro- 
cedures until an acceptable experience and result had 
been achieved. With increasing subspecialisation in 
cardiology I doubt whether such practices are in the 
patients’ best interest. 

It was a great surprise to find the extent to which 
British cardiology has come to rely upon technology 
in the “American style” rather than upon excellent 
history taking and physical examination. As an 
admirer of the Paul Wood and Aubrey Leatham 
tradition it came as a shock to find a new breed of 
British cardiologists who were as dependent upon 
procedures as their North American cousins. 


Cardiology research 


Clinical research in cardiology in Britain continues 
to do well. In part this is because of an historical 
commitment to clinical cardiology and to greater 
ease in obtaining informed consent and patient 
agreement to participate in clinical studies. In North 
America there is a strong sense that cardiology re- 
search must have a larger component that is funda- 
mental and cellular. Molecular biology has already 
had many impacts, including the production of 
tissue-type plasminogen activator and monoclonal 
antibodies, and the cloning of membrane channels. 
Basic science will form an increasingly important 
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foundation of cardiology. Programmes must be de- 
veloped to increase the intellectual content and stim- 
ulate advances in basic and clinical research in 
cardiology. I was fortunate to work at the Cardio- 
thoracic Institute at the National Heart Hospital, 
which is successfully developing such a programme. 
But there. are few other programmes of this type in 
Britain. The desire of cardiologists to be generalists 
may have inhibited this development. Basic research 
in cardiology requires substantial amounts of time. 
Cardiologists doing such research cannot maintain 
skills and devote the time necessary to perform cath- 
eterisations and angioplasties, or insert pacemakers. 
An increasing differentiation of the role of the aca- 
demic cardiologist is needed. 

One of the striking features of British science is the 
tradition that the laboratory investigator conducts all 
aspects of his or her research: from designing and 
constructing the electronic equipment to pro- 
gramming the computer; carrying out the experi- 
ment; and, in some circumstances, cleaning the 
glassware. Modern science increasingly demands 
specialisation, core facilities, technical support ex- 
perts, and complex statistical analysis. It was not 
clear to me that this kind of differentiation of func- 
tion and expertise is occurring in cardiology research 
to the extent which will be required for the 1990s. 

During my year in London the budgets of the 
National Health Service and for research were cut 
considerably. University dons made some abortive 
protests, including denying Mrs Thatcher an honor- 
ary degree, but the relative silence of physicians was 
striking. Casualty departments were closed, pae- 
diatric cardiac surgery funding ran out at a main 
London teaching hospital, and organised British car- 
diology seemed to be merely an interested observer. 

In a discussion about what I construed to be the 
relative passivity of the British medical profession, a 
member of parliament told me that it was attri- 
butable to two features of the profession. First he 
said, British physicians accept cuts in services with 
“a stiff upper lip.” Secondly, he observed, British 
physicians have an authority and status that they fear 
will be jeopardised by challenging the general public 
satisfaction with the National Health Service. In- 
deed, several physicians told me that they did not 
wish to criticise the health care services for fear of 
“undermining public confidence" in the National 
Health Service. Clearly the situation is more compli- 
cated than this. The government was determined to 
make cuts and several physicians told me that they 
feared retribution if they protested too loudly. After 
watching the government’s success in the coal strike 
I could understand this concern. But the profession 
has special responsibilities to promote arguments 
and to protect science and health care. . 


Shine 
The linkage between basic and applied 
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Basic science in Britain has made extraordinary 
contributions to science and health. The number of 
Nobel laureates in the molecular biology laboratories 
at Cambridge University is a particularly striking 
example. In computer software, magnetic resonance 
imaging, and computed axial tomography scanning, 
to name just a few, British scientists have been in the 
vanguard. Yet there is a remarkable reluctance of the 
basic scientist to work on applications, with indus- 
try, and, in some cases, with clinicians. Contrast 
Cesar Milstein's Nobel prize with the paucity of 
British biotechnology companies exploiting mono- 
clonal antibodies. Some of these obstacles include 
the traditional distain of “trade” in Britain and the 
necessity to keep universities and science free of 
“contamination” from industry and similar venal in- 
terests. When I suggested that the “Oxford Business 
School" and a “Cambridge Institute of Tech- 
nology” would go a long way to legitimise en- 
gineering and business for the best and the brightest 
of Oxbridge, several people at a London dinner party 
suggested that this would be the ruin of civilisation’s 
greatest universities. 

Some important moves have been made— 
particularly the Cambridge University Computer 
Laboratory which has lead to the development of 
several successful companies. I hope that this can 
lead to similar development in biomedical tech- 
nology. 


Patient care 


During my stay I experienced the National Health 
Service as a user. My 15 year old daughter was struck 
by a motorcycle and seriously injured. After over 20 
minutes an ambulance arrived. No service could be 
provided in the field even though she had no pal- 
pable radial and only faint brachial pulses. After 
being brought to the casualty department of a Lon- 
don teaching hospital she remained screaming on a 
stretcher for almost 25 minutes before her blood 
pressure was taken at my insistence. It was reported 
as 70 palpable. At this point an intravenous line was 
inserted and fluid administered. The consultant 
surgeon arrived, and directed her care expertly in the 
casualty department and in the operating room. 
"Thereafter her care was excellent, despite the pau- 
city of reliable modern volume controlled respirators 
in the intensive care unit. The nursing care was su- 
perb, as good or better than I have ever seen any- 
where. The consultants’ skills were first rate, the 
experience of the senior registrars was obvious, and 
the overall care quite satisfactory. 


Cardiology: a transatlantic view (1) 

On balance, based on experience as a physician 
and as the father of a patient, I would equate patient 
care in the several London teaching hospitals I vis- 
ited with that provided at our university-affiliated 
county hospitals which provide care to the indigent 
sick. The amount of faculty contact with patients and 
the role of the house staff was similar. Services for 
inpatients are probably more easily available in our 
county hospitals where all diagnostic and therapeutic 
needs can be met on the same site. The principal 
advantage of the British system is in the outpatient 
arena where general practitioners are available to all. 
In Los Angeles the indigent poor are seen in the 
crowded outpatients of our county hospitals. Amer- 
ica clearly has a two-class health-care system in 
which the private sector consumes too many re- 
sources, probably by 25%, whereas the British pri- 
vate sector is relatively small. I believe the National 
Health Service is underfunded by about 50%. If 
adjustments of this order of magnitude were made by 
both societies, the result would be expenditures of 
7:5-8% of gross national product by both. Several 
British physicians told me that the difference in 
health care expenditure reflected the relative wealth 
of the two societies. I find it difficult to accept this 
interpretation, given the percentage differences. 


Attitudes and the future 


Many friends and colleagues expressed their view of 
the United States and American cardiology— 
Americans are competitive, impatient, materialistic, 
and believe that everything that is broken should be 
fixed. As an anglophile I treasure many English val- 
ues and institutions and wish to see their preserva- 
tion. At the same time I cannot accept the notion that 
Britain should accept that its best days have passed. 
British cardiology has led the way in many areas. 
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Individual genius and talent is present and available. 
But new approaches are required. More flexibility in 
organisation and structure, integration of basic re- 
search with clinical research, a willingness of aca- 
demics to relate to clinicians and industry, and 
increasing specialisation of functions among aca- 
demic cardiologists and scientists. More resources 
need to be directed toward development and ex- 
ploitation of specific, highly focused areas of high- 
tech and bio-tech. Closer scrutiny of medical 
outcomes and quality of care are required and an 
increasing willingness to emphasise prevention. 
Please do not misunderstand. I am not advocating 
an Americanisation of Britain—that is unrealistic 
and presumptuous—we have enough of our own 
problems. Rather we must accept that cardiology is 
an international discipline. British cardiology must 
position itself to have a major role. This will require 
the setting of priorities and increasing the focus of 
attention. This can and must be done. Part of this 
effort should include efforts to increase public sup- 
port for more funding of research and patient care. 
To all of my British colleagues, particularly my 
sabbatical hosts, I am deeply grateful. I only hope 
after these comments they will speak to me again. 
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“Two nations, separated by the North Atlantic Ocean 
and a common language". And more, very much 
more. 

As a near contemporary of Aubrey Leatham at St 
Thomas’s my participation in the British Cardiac 
Society was meagre, since my activities in the years 
1948-51 were focused on human physiology with 
Henry Barcroft, FRS, supplemented by the brief 
but inspiring interest of Sir Henry Dale. In the 
course of investigations in the “new” cate- 
cholamines, I enjoyed interaction with McMichael, 
Pickering, Grant, Sharpey-Schafer, and, newly 
returned from the army, Dornhorst and De War- 
dener. Later Max Rosenheim encouraged a brief 
dalliance with the clinical aspects of pheo- 
chromocytoma. My 36 years in the United States 
have been spent at the Mayo Clinic (1951-65) and at 
Cedars-Sinai Medical Center (UCLA School of 
Medicine) in Los Angeles, and communication with 
British cardiology has been maintained through par- 
ticipation in the American College of Cardiology, as 
its President in 1972-73, and as a member of several 
of its committees which ensured continuing inter- 
national contacts. From that perspective and 
through a continued interaction with many profes- 
sional friends and colleagues in the United King- 
dom, I should like to comment on the most apparent 
differences between cardiology in the United States 
and the United Kingdom. 

To summarise the socioeconomic background of 
our specialty in each of the nations: the American 
medical “consumer” has greater expectations and 
makes greater demands on the providers of medical 
care than the “patient” in the United Kingdom. The 
optimal care in the United States is probably better 
than that available in other countries, but the worst 
Requests for reprints to Dr H J C Swan, Box 48750, Cedars-Sina: 
Medical Center, 8700 Beverly Boulevard, Los Angeles, California 
90048-0750, USA. 


represents a sad level of underperformance. Access 
to health care in the United States is not uniform. 
Discipline to ensure adequate performance by phy- 
sicians, including cardiologists, is negligible (in con- 
trast with the serious efforts by surgeons and the 
surgical subspecialists). Health care expenditure in 
the United States exceed 11% of gross national 
product, whereas in Britain it has been frozen at 
6-296 since 1981. This economic commitment is 
magnified by the considerably higher productivity 
per individual in the United States. So, taking into 
account the scale of investment, the British health 
system performs remarkably well, whereas that of 
the United States is disappointing. 


Patient expectations and attitudes 


Unlike patients in the United Kingdom, the average 
American patient is a consumer" who is aware of 
the many interventions that are claimed to delay 
or moderate aging, disability, and death. The 
American patient will “shop around" actively and 
critically without necessarily accepting the recom- 
mendations of one physician. Second and even third 
opinions may be sought before an individual finds 
the opinion that accords best with, perhaps, some 
preconceived idea. In the United States health 
information is widely disseminated and broadly 
interpreted so that, for instance, many patients with 
heart disease may be better informed about the role 
of blood lipids in atherosclerosis than the average 
physician or even a reasonably well-read cardiol- 
ogist. The complacent cynic might say that the 
concern of the American patient to receive optimal 
health care is well placed. But the continued search 
for an understanding of complex biological and clin- 
ical phenomena usually leads to an inadequate 
appreciation of the necessary limitations. The atti- 
tude “Why do you have to let grandma die?" 
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(despite the fact she is 99) may not be discouraged 
by a physician whose income will be increased if the 
patient spends a few more days in an intensive care 
unit. On the contrary, in the United Kingdom 
effective interventions in the elderly, such as aortic 
valve replacement in an active 70 year old, are often 
inappropriately withheld because of a perceived 
need to husband scarce resources by categorical and 
arbitrary decisions. Now in my own seventh decade, 
I believe that attention should be given to the poten- 
tial for recovery and for the continued enjoyment of 
life rather than social usefulness. 

The health system in the United States is, in brief, 
a free-market enterprise. In general, physicians (and 
cardiologists) practise from a private office, alone or 
in a small group with several other specialists within 
or outside their own discipline. Most physicians 
have appointments at hospitals where they admit 
and treat their patients throughout a variety of 
illnesses—unlike the United Kingdom where the 
management of the patient is taken over by the hos- 
pital doctor. A trained cardiologist will see patients 
in his private outpatient office and also bring them to 
the hospital where he may conduct various specialist 
procedures. For example, most recently trained 
cardiologists believe that they are competent in 
diagnostic  catheterisation, electrocardiography, 
echocardiography, coronary and critical care; and a 
smaller proportion claim expertise in coronary 
angioplasty, electrophysiology, arrhythmia manage- 
ment, nuclear cardiology studies, and cardiac 
rehabilitation. There are specialist referral systems 
and successful ones flourish—-but no specific system 
is required. So the cardiological experience of an 
individual cardiologist may be diluted because many 
continue to act as general physicians treating the 
non-cardiac aspects of the patient. 

True skills in procedures that require continued 
updating, experience, and a large patient volume 
such as coronary angiography and angioplasty, may 
be difficult to maintain. Specialist cardiological care 
is delivered in community hospitals and not at the 
large well-known referral centres. Many community 
hospitals provide all the services which are expected 
of a prominent university medical centre such as 
Stanford or a specialty clinic such as the Cleveland 
Clinic. The quality of diagnostic and therapeutic 
procedures in such community hospitals is satis- 
factory. It remains to be seen whether younger car- 
diologists will maintain sufficient skills, or whether 
there will be a fall out of the less competent so that 
with market forces only the best will continue. This 
“system” is clearly totally different from all but a 
few institutions in the United Kingdom, where a 
small number of specialists in cardiology are clearly 
defined and are in salaried posts rather than 
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receiving a fee-for-service payment. Physicians in 
the United States usually continue to practise into 
their late 60s and even mid 70s. In an unregulated 
system, this has benefits and drawbacks. Most tech- 
nical procedures are, however, currently performed 
by much younger cardiologists who continue to 
update their training and particularly their technical 
skills. 


Cardiovascular manpower and training 


Approximately 15000 physicians in the United 
States call themselves cardiologists. Most (perhaps 
8095) are certified by the sub-board in cardio- 
vascular diseases of the American Board of Internal 
Medicine. Cardiovascular training in the United 
States is regulated to an extent unknown in the 
United Kingdom. Applicants for training must have 
completed at least two, and preferably three, years of 
general internal medicine and require evidence of 
Internal Medicine Board certification or eligibility. 
The cardiovascular Boards require at least two years 
practice in cardiology with experience of coronary 
care, cardiac catheterisation, and laboratory tech- 
niques. In practice, however, most training pro- 
grammes last three years, and training in certain 
techniques, such as coronary angioplasty, may 
require four years. Currently, cardiologists can train 
in any institution with an approved programme in 
internal medicine. Nevertheless, most programmes 
are conducted in institutions with larger clinical pro- 
grammes in cardiovascular disease and usually 
several salaried or geographically (that is, those who 
practice at a hospital exclusively but charge and 
retain private fees) full time experts. À weakness in 
many American programmes is the lack of experi- 
ence with outpatients, as most patients consult pri- 
vate physicians whose income depends upon their 
office practice. As in general internal medicine, this 
deficiency is recognised by the certifying boards and 
there are plans to correct it. 

The usual training programme in the United 
States requires specific ‘“‘time-block” rotation 
through several laboratories, unlike the activities of 
a cardiac registrar—the equivalent in cardiology 
training in the United Kingdom. This means that 
cardiologists will be trained by several experts with 
special skills. Familiarity with nuclear cardiology is 
obligatory and physicians in training can elect to 
spend time obtaining certification to conduct cardiac 
nuclear studies. Requirements for training in cardiac 
catheterisation vary greatly. Most programmes 
require 2-4 months of “familiarisation”, including 
training in right heart catheterisation and experience 
of coronary arteriography and perhaps percutaneous 
transluminal coronary angioplasty. Physicians 
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who qualify and have a strong interest in cardiac 
catheterisation usually spend a full year in a 
catheterisation laboratory and become proficient in 
coronary arteriography. Physicians who intend to 
practise angioplasty train for an additional 6-12 
months. Similarly, longer training periods are 
needed for cardiac pacing, where there is surgically 
supervised specialised training in techniques of 
implantation and  electrocardiographic inter- 
pretation. Electrocardiographic departments in the 
United States also require expertise in dynamic 
(Holter) monitoring for both arrhythmias and myo- 
cardial ischaemia. These departments may be 
responsible for exercise testing (now often conduc- 
ted in association with sections of nuclear cardio- 
graphy and echocardiography). These various 
training programmes produce physicians with two 
to three years training in cardiology and modern 
therapeutics, including cardiac surgery, throm- 
bolysis, and percutaneous transluminal coronary 
angiography. 

Trainees also complete a research project lasting 
at least six months. Although few trainees will 
acquire expert research skills during the project they 
will be able to study a topic of special interest in 
depth. In several programmes research is done soon 
after starting training in cardiology and the trainee 
can continue to expand his or her interest through- 
out the programme. "d 

Every two years the American Boards of Internal 
Medicine set examinations in which most (80%) of 
the 1500 candidates are successful. After 
certification the trainees usually join an established 
private practice. A few remain in their training pro- 
gramme or at university. Not many try to establish a 
new private practice in cardiology. Although most 
are paid by private patients on a fee-for-service basis 
(including those who are insured or covered by 
Medicare), physicians are increasingly seeking sal- 
aried employment. In addition to universities and 
university affiliated community hospitals, leading 
hospitals employ full time directors and providers of 
radiological services on a variety of terms. In addi- 
tion, many private clinics (for example Mayo, Scott- 
White, and Cleveland), the Veterans’ 
Administration, and pre-paid health plans such as 
the Kaiser-Permanente group employ cardiologists. 
In several of these organisations those with extra 
skills are paid more. 

Thus the training programmes and career struc- 
tures in cardiology in the United States and the 
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United Kingdom are different. The United States 
has a large number of trained cardiologists and most 
of them find work. There are probably several times 
as many cardiologists in greater Los Angeles as there 
are in the whole of the United Kingdom. Are they 
needed and do they improve cardiovascular health? I 
think they do. Much can be done to prolong life and 
improve its quality by prevention and effective and 
timely diagnosis and treatment of hypertensive, ath- 
erosclerotic, valvar heart disease, and arrhythmias. 
Is the continuing increase in cardiologists necessary 
to achieve these goals? Would outcomes be 
enhanced with centres for angioplasty, optimal use of 
cardiac pacemaking and cardiac surgery, and sys- 
tematic and consistent treatment protocols? Under 
such circumstances could optimal services cost less? 
Again, the answer is probably yes. Indeed, in the 
United States, attempts to satisfy the administrative 
bureaucracy have become a fiscal nightmare. The 
primary overhead costs of health care (before physi- 
cian, hospital, and other indirect costs) is in excess of 
80 billion dollars. And many of the most needy—the 
poor, the immigrant, the elderly—never enter the 
medical care system because it is too complex and 
they just don’t know how to. 

In contrast, the National Health Service in the 
United Kingdom is largely understood by the citi- 
zens that it serves, although their demands on it are, 
comparatively speaking, small. It is probably 
*tunderproviding", but on a uniform basis. It is cer- 
tainly grossly underfunded. Is American cardiology 
suffering from “‘excesses” of resources, equipment, 
procedures, and staff? Certainly basic and clinical 
research seem to be thriving. The developments of 
knowledge, particularly in basic science, will 
improve the ability of cardiologists to treat cardio- 
vascular disease. Much of this advance is the result 
of the enthusiasm, vigour, and ingenuity of basic 
and clinical research in the United States. Every 
major medical journal in the United States contains 
new information and new insights, not only from the 
established university medical centres, but also from 
well-directed community facilities and from indus- 
trial laboratories. New ideas are often applied to 
treatment—many fail, but others lead to major 
advances in cardiovascular health care. 

Yes, indeed, the differences are great. In the best 
of all worlds, however, the combination of the vir- 
tues and the exclusion of the vices (including 
bureaucratic waste and human greed) of each system 
will enhance the quality of life of our patients. 
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The role of exercise testing in chronic heart failure 


DAVID P LIPKIN* 


From the Royal Postgraduate Medical School, Hammersmith Hospital, London 


The very essence of cardiovascular practice is recognition of early heart failure and discrimination between 


different grades of failure (Sir Thomas Lewis, 1933 jS 


Exercise testing is often used by clinicians to diag- 
nose and follow patients with coronary artery dis- 
ease, because myocardial ischaemia during exercise 
produces haemodynamic and electrocardiographic 
changes that can be quantitatively and qualitatively 
defined by safe, accurate, reliable techniques. The 
role of exercise testing in this context is well estab- 
lished: its potential in the management of patients 
with heart failure remains to be fully exploited.?~* 
Adequacy of peripheral tissue perfusion during 
exercise depends upon cardiovascular performance, 
but exercise testing to assess overall functional 
capacity has been used primarily by exercise 
physiologists and relatively little by clinicians. 
Nevertheless, symptoms in chronic heart failure are 
manifest on exertion. 

Until recently patients with heart failure were 
assessed solely by a questionnaire about symptoms 
(usually the criteria of the New York Heart Associ- 
ation)!. and by clinical examination. With the 
appearance of new drugs it became important to 
document objectively the effects of treatment on car- 
diorespiratory fitness so that a scientific basis for 
treatment could be established. The limitations of 
the assessment of functional state by the New York 
Heart Association criteria are obvious. The criteria 
are by their nature subjective and reproducibility 
between observers is poor. The New York Heart 
Association functional classification is unlikely to 
reflect small but clinically important changes in 
functional status because the categories are too 
broad. Because there are only four grades, it is possi- 
ble that the functional class will not alter despite a 
clinically important change in functional status after 
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8 therapeutic intervention. Symptomatic assessment 
by the criteria of the Specific Activity Scale may be 
better than the New York Heart Association system 
because it is more reproducible; however, the other 
criticisms of the New York Heart Association assess- 
ment still apply.® 


Why perform an exercise test? 


An objective assessment should mirror the general 
wellbeing and exercise capacity of the patient with 
precision and reproducibility such that small, yet 
significant changes in functional state are detected in 
response to drug intervention, cardiac trans- 
plantation, and rehabilitation. Ideally, the assess- 
ment should provide a guide to the severity and 
hence prognosis of the condition. Unfortunately, 
there is no gold standard. General wellbeing is 
difficult to assess objectively, so attention has been 
directed to indices that can reflect changes in exer- 
cise capacity. Though a chest x ray is a part of the 
routine investigation of a patient with heart failure, 
two studies have demonstrated either a poor cor- 
relation or no correlation between cardiothoracic 
ratio and exercise capacity./? As left ventricular 
dysfunction is presumably the primary event that 
initiates the clinical syndrome of heart failure, it has 
been presumed that indices of left ventricular per- 
formance are related to exercise capacity. Several 
studies have shown that estimates of resting or peak 
exercise left ventricular ejection fraction or resting 
left ventricular end diastolic dimensions do not cor- 
relate with exercise capacity.?^!! It is perhaps not 
surprising that these measurements fail to predict 
exercise capacity in a miscellaneous population of 
patients with severe heart failure. The mechanism 
by which these patients increase cardiac output on 
exercise varies with the aetiology of the heart 
failure.!? Patients with idiopathic dilated cardio- 
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myopathy increase stroke volume by increasing the 
ejection fraction and with little change in left ven- 
tricular end diastolic dimensions, whereas patients 
with poor left ventricular function secondary to is- 
chaemic heart disease have larger increases in left 
ventricular end diastolic and end systolic dimen- 
sions with the result that there is no change in 
ejection fraction. 

Attention has recently been directed to the im- 
portance of the right ventricle in heart failure in 
determining exercise capacity.” 1° Exercise capacity 
appears to correlate with pulmonary vascular 
resistance!? and resting right ventricular ejection 
fraction.!? Pulmonary vascular resistance in heart 
failure does not fall, as it does in normal subjects 
during exercise. Since the right ventricle may not be 
as extensively affected as the left ventricle by the 
underlying pathological process, right ventricular 
function is predominantly afterload dependent. So it 
is interesting to note that only drugs that cause 
dilatation of the pulmonary vascular bed can 
significantly increase exercise capacity in controlled 
trials.of heart failure. Other predominantly arterial 
vasodi]átors have failed to improve exercise capacity 
despite producing a pronounced improvement in 
systemic haemodynamic and left ventricular func- 
tion.'^ & It would be optimistic, however, to expect 
mihor changes in exercise capacity to be reflected 
closely by changes in right ventricular function and 
the pulmonary circulation. Thus it is clear that if we 
wish to detect an improvement in exercise capacity 
this has to be measured directly by some form of 
exercise test. 


Methods of exercise testing 


'The choice of exercise protocol has not been satis- 
factorily evaluated, though recent studies dedu: 
guidelines. The bicycle ergometer is ae 
best method of exercising normal volunteers.! 
technique is simple and energy output can be e 
dicted with greater accuracy than with other forms 
of exercise because the mechanical efficiency is 
independent of body weight. A bicycle exercise test 
may be undesirable as a method of assessing exercise 
capacity in people who have never ridden a bicycle 
before because the motivation and stimulation of the 
subject are particularly important during this form 
of exercise. The treadmill is preferable to the bicycle 
for testing middle aged and elderly subjects, though 
some individuals find it difficult to walk on the 
treadmill and view the experience as frightening. 
The major disadvantage of treadmill exercise is that 
it is difficult to standardise the workload, as factors 
other than treadmill speed and gradient can affect 
the final workload achieved. The workload can be 
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affected by the subject holding on to the rail or 
walking with long or short strides. 

To date most studies have reported data from 
maximal exercise tests, that is, an incremental test 
which is terminated by dyspnoea or fatigue. The 
safety of a graded maximal exercise test has recently 
been established in a group of 607 stable patients 
from the Veterans Administration Cooperative 
Heart Failure Trial!" At least two exercise tests 
were performed in all patients. Arrhythmias were 
the end point in « 1-895. Hypotension occurred in 
0-296 of baseline tests. There were no major compli- 
cations in a total of 2802 exercise tests. Ventricular 
tachycardia was unmasked during exercise and in 
the immediate recovery period in only 32% of 
patients. 

Exercise protocols have usually been modified to 
accommodate a reduced exercise capacity. This is 
necessary to permit patients to exercise long enough 
for sufficient data to be acquired for the discrimi- 
nation of different grades of exercise limitation. 
Haemodynamic and metabolic responses to exercise 
may be delayed when the cardiac output is reduced; 
therefore it is essential when designing a multistage 
exercise test, to ensure that stages are sufficiently 
long to permit equilibium at each exercise stage. In 
our laboratory we use a modified Naughton protocol 
with exercise stages of three minutes because we^ 
have demonstrated that metabolic and respiratory 
gas exchanges have reached a plateau for each work- 
load in that time.? 

Reliance on symptomatic end points alone can be 
unsatisfactory as they are clearly subjective and 
easily affected by observer encouragement. Recent 
studies bave suggested that coupling respiratory gas 
analysis with maximal exercise testing provides a 
more objective assessment.? ^^ !9 During muscular 
work there is a complex interplay of diverse phys- 
iological mechanisms that ensures that oxygen deliv- 
ery is commensurate with oxygen demand. The 
heart, lungs, and oxygen capacity of the blood par- 
ticipate in these adjustments. Measurement of max- 
imal oxygen consumption during exercise is thus an 
index of total cardiorespiratory function and is a 
measure of the maximal capacity to transfer oxygen 
to the tissues of the body. Although exercise du- 
ration correlates significantly with oxygen con- 
sumption, the relation between the two variables is 
not sufficiently strong to permit accurate estimates 
of oxygen consumption.? Furthermore, repeated ex- 
ercise testing in the same individual increases exer- 
cise duration (as the subject learns to walk more 
“efficiently” on the treadmill) without a correspond- 
ing increase in workload as shown by an increase in 
maximal oxygen consumption.? !? This is why mea- 
surement of oxygen consumption is a better measure 
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of exercise capacity in patients with heart failure. 

Many factors (genetic, age, sex, and previous level 
of physical activity) affect symptom limited max- 
imum oxygen consumption in normal individuals.!$ 
"These effects are much less important than the gross 
changes in symptom limited maximum oxygen con- 
sumption seen in patients with heart failure. Many 
studies have claimed that as a person exercises at 
increasing workloads maximal oxygen consumption 
increases to a plateau.??9?! As this is the phys- 
iological limit of the aerobic capacity of the body it is 
an objective assessment of individual exercise capac- 
ity. It is now clear that a physiological limit to max- 
imal oxygen is rarely reached in patients with heart 
failure.) ^?? Nevertheless, the measurement of 
oxygen consumption at peak exercise, so-called 
"maximal" oxygen consumption, is reproducible 
and permits categorisation of patients into sub- 
groups according to the severity of functional im- 
pairment.2~*!8 Thus in one study there were 
significant differences in maximal oxygen con- 
sumption between patients in different New York 
Heart Association functional classes.) Two other 
studies did not show significant differences in max- 
imal oxygen consumption between New York Heart 
Association classes II and III,? !? but this may have 
related to the definition of New York Heart Associ- 
ation class II in the different reports. 

'The ideal index of exercise capacity is one that is 
totally independent of patient motivation and thus 
completely objective. In normal individuals the oxy- 
gen consumption/heart rate response to asymp- 
tomatic submaximal exercise may provide an 
approximate yet objective index of maximal exercise 
capacity. Unfortunately, in patients with heart 
failure the heart rate response to submaximal exer- 
cise has no predictive value,?* perhaps because in 
this condition the heart rate response is affected by 
fear and altered baroreceptor reflexes?^ and $ adre- 
nergic function.’ In an attempt to achieve the goal 
of an objective assessment there has been renewed 
interest 1n the measurement of the anaerobic thresh- 
old.?3?9 In the early part of this century it was 
found that increased workloads could be achieved 
without any change in blood lactate concentration 
from the resting value.?” As the work rate increased 
beyond a certain level, the blood lactate concen- 
tration increased. The carbon dioxide combining 
power of the blood (essentially the bicarbonate con- 
centration) fell with an increase in blood lactate and 
breathing was “stimulated to expel the carbon diox- 
ide set free" as the bicarbonate concentration in the 
blood diminished.?? Hill et al postulated that during 
muscular exercise if the oxygen supply to 
contracting muscle became inadequate lactate pro- 
duction increased. The stage at which this increase 
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occurred reflected the limits of cardiorespiratory 
function.? Thus during exercise patients with 
severe heart failure develop a metabolic acidosis 
more quickly than those with mild heart failure. 
Because the onset of the acidosis is presumably inde- 
pendent of patient motivation its detection gives an 
objective assessment of cardiorespiratory fitness. 
Wasserman and McIlroy introduced the term ‘‘an- 
aerobic threshold” and elaborated on the concept 
that pulmonary gas exchange measured at the mouth 
could be used to detect the onset of a metabolic (lac- 
tate) acidosis.?? The respiratory anaerobic “‘thresh- 
old” can be determined by several methods, the 
most common being a non-linear increase in minute 
ventilation or carbon dioxide production relative to 
oxygen consumption. 

Recently the concept of an anaerobic threshold 
has been challenged for the following reasons.?! 
Firstly, plasma lactate concentration is the net result 
of lactate production and removal. The rate of lac- 
tate production can be three times higher than dur- 
ing rest while blood lactate remains at resting values. 
Secondly, training increases lactate clearance but 
not lactate production. Thirdly, and arguably the 
most important challenge, lactate production may 
occur in fully oxygenated conditions with activation 
of fast twitch skeletal muscle fibres. Furthermore, 
there is debate about whether a rise in plasma lactate 
is linked with the ventilatory anaerobic threshold.?! 
'The postulated association between an increase in 
lactate and the ventilatory stimulus is supported by 
evidence from individuals who have had surgical 
resection of the carotid bodies.?? These individuals 
have a smaller ventilatory response to exercise above 
the anaerobic threshold. None the less, patients with 
McArdle's syndrome also have a ventilatory anaer- 
obic threshold despite an inability to produce lac- 
tate,?? but because exercise induces pain in this 
disease the disproportionate increase in ventilation 
during exercise is likely to be caused by hyper- 
ventilation in response to pain.?* Some investigators 
have found a close association between the venti- 
latory anaerobic threshold in patients with heart 
failure and the rise in blood lactate?5; others have 
not. The confusion has in part occurred because 
of the different methods of determining the 
anaerobic threshold and detecting where, if at all, 
there 1s a sharp rise in plasma lactate or in fact 
a discrete ventilatory threshold. Computerised 
analysis, using a curve fitting model, of the oxygen 
consumption/carbon dioxide production relation 
during exercise appears to avoid the problem of 
defining a discrete ventilatory threshold. This 
promising new technique provides a refinement to 
the concept of anaerobic threshold and, it 1s hoped, 
greater objectivity.?? 
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The anaerobic “threshold” is in part determined 
by a lactate acidosis during exercise, but other fac- 
tors may be important. Measurement of the venti- 
latory anaerobic threshold has two potential uses. 
First, it can be used as a general index of patient 
motivation. Failure to achieve the ventilatory anaer- 
obic threshold suggests poor patient motivation. 
Secondly, changes in maximum oxygen con- 
sumption in the absence of change in the anaerobic 
threshold suggest an alteration in patient motivation 
rather than a change in functional capacity. Assess- 
ment of maximum oxygen consumption alone can be 
misleading, but linked with knowledge of the anaer- 
obic threshold these measurements provide an 
objective and accurate means of classifying and fol- 
lowing patients with heart failure.? 

The equipment required to measure respiratory 
gas exchange is expensive and some patients find it 
difficult to exercise on a treadmill. High workloads 
are not typical of activities performed by these pa- 
tients in daily life. In patients with moderate to 
severe disability it may be more reasonable to mea- 
sure exercise capacity at constant submaximal work- 
loads, for example 60-70% of symptom limited 
maximal oxygen consumption. Unfortunately these 
tests may be difficult to perform as the duration of 
exercise may be considerable and boredom may be a 
limiting factor. Various groups have used a 2, 6, and 
12 minute walking test to monitor exercise capacity 
in normal subjects and patients with obstructive 
lung disease. Recently, a test which simply measures 
the distance walked in six minutes has been used to 
assess patients with heart failure.) Patients pre- 
ferred the six minute walking test to the treadmill, 
finding it easier and more closely related to their 
daily level of physical activity. There were wide 
ranges of six minute distances walked among those 
patients with a very low maximal oxygen con- 
sumption. Some of these individuals may have been 
poor treadmill performers who produced a better ac- 
count of their abilities during the walking test. Con- 
versely, there was little variation in the six minute 
distance in normal subjects and in patients with mild 
heart failure despite noticeable differences in their 
maximal exercise capacities. In those with mild 
heart failure the maximal rather than the sub- 
maximal test may be a more suitable method of as- 
sessing exercise capacity, as exercise is performed at 
workloads sufficient to cause symptoms.?* 

To summarise, the choice of exercise protocol 
used to assess patients with heart failure is partly 
determined by available facilities. Maximal exercise 
testing is conventional, and should if possible be 
linked with respiratory gas analysis. Submaximal 
exercise tests may be more appropriate in patients 
with severe failure, and may gain popularity 
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especially in centres that do not have access to gas 
analysis equipment. 


Symptoms limiting exercise tolerance 


The symptoms limiting exercise in patients with 
heart failure are difficult to evaluate.*” Exercise test- 
ing linked with analysis of respiratory gas exchange 
and haemodynamic assessment has permitted in- 
sight into the problem. Classic teaching suggests 
that breathlessness in patients with heart disease is 
caused by pulmonary venous hypertension and fa- 
tigue by an inadequate increase in cardiac output on 
exercise. Though this may be the case in acute heart 
failure, the situation is less clear once chronic heart 
failure is established. The feeling of breathlessness 
appears to be independent of changes in left atrial 
pressure (as estimated from the pulmonary capillary 
wedge pressure). There is no correlation between 
the wedge pressure.at rest or during maximal exer- 
cise and maximal oxygen consumption reached at 
the end of symptom limited exercise. ? 3839 The 
symptom which terminates exercise depends on the 
type of exercise performed rather than peak wedge 
pressure. Slow exercise is usually terminated by fa- 
tigue whereas rapid exercise is terminated by dys- 
pnoea despite a similar peak pulmonary capillary 
wedge pressure at the end of each form of exercisc.?? 
Furthermore, when submaximal and maximal exer- 
cise tests are compared, both forms of exercise are 
terminated at identical ventilatory levels and peak 
exercise pulmonary capillary wedge pressures.*° If 
the primary stimulus to excessive ventilation during 
exercise was an acute increase in pulmonary venous 
pressure then the increase in ventilation would be 
greater during more prolonged submaximal exer- 
cise. In add:tion, long term drug studies have shown 
that an improvement in exercise capacity is often, 
but not invariably, associated with an improvement 
in haemodynamic function and a fall in pulmonary 
capillary wedge pressure during exercise. Short 
term vasodilators and inotropic agents almost always 
improve the haemodynamic indices and lower the 
pulmonary capillary wedge pressure, but usually do 
not increase exercise capacity in the long term.!^ An 
alternative explanation relates the many complex 
metabolic changes that occur during exercise.?? 
Blood flow through skeletal muscle is reduced in 
patients with heart failure.*! A lactic acidosis 
develops during rapid forms of exercise and may 
stimulate peripheral chemoreceptors which con- 
tribute to the hyperventilatory response and feeling 
of breathlessness.?? 

'The mechanisms of fatigue in heart failure are 
elusive. Fatigue is associated with inadequate oxy- 
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gen supply.to skeletal muscle. During maximal exer- 
cise testing, the oxygen content of blood in the 
femoral vein is negligible.*? Wilson et al showed that 
patients with chronic heart failure became fatigued 
when underperfusion of skeletal muscle reached a 
critical level; they concluded that fatigue in patients 
with heart failure was caused by impaired nutrient 
flow to skeletal muscle.*? The mechanisms may be 
intracellular acidosis, caused by accumulation of lac- 
tate, or depletion of phosphocreatine.^? Alterna- 
tively, there may be persistent changes in skeletal 
muscle function in chronic heart failure caused by 
deconditioning which also contribute to exercise 
limitation in these patients.* After cardiac trans- 
plantation, despite virtually immediate restoration 
of a normal resting cardiac output, the expected in- 
crease in exercise capacity is delayed over several 
months.*5 This response may relate to a gradual re- 
duction in those factors that limit skeletal muscle 
blood flow or to a gradual improvement in the func- 
tion of skeletal muscle.** What these research 
findings show, then, is that the limitation of exercise 
and the feelings of breathlessness or fatigue in 
patients with chronic heart failure have multi- 
factorial mechanisms. Their symptoms should not 
be related solely to an altered, haemodynamic 
response to exercise. The symptom that limits an 
individual patient will depend on the different 
mechanisms influencing neural and metabolic 
signals from exercising muscle and the response of 
more central receptors. 


Rehabilitation in heart failure 


Surprisingly, the effect of regular exercise testing 
per se on exercise capacity has not been extensively 
studied. There are only two published reports.*$ 47 
Regular exercise (20 minutes, three times per week 
at 60-70% of maximal oxygen consumption for 15 
weeks) improves cardiac output and reduces pul- 
monary capillary wedge pressure at submaximal 
exercise workloads and increases symptom limited 
maximal oxygen consumption by 25%.*7 It has been 
suggested that the improvement in maximal exercise 
capacity is related to an improvement in skeletal 
muscle blood flow,*" yet the same group also showed 
that short term treatment with dobutamine increases 
blood flow to skeletal muscle during submaximal ex- 
ercise but does not augment maximal oxygen con- 
sumption.*® Regular training probably improves 
exercise capacity partly because of the cardio- 
vascular training effect, but also perhaps because of 
a direct peripheral effect, presumably on skeletal 
muscle function. Further longitudina] studies are 
required to evaluate the effect of treatment and 
rehabilitation on the performance of skeletal muscle 
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in heart failure. 


Prognosis in heart failure 


Prolonged survival remains the major goal of treat- 
ment. From the time of initial diagnosis of heart fail- 
ure, overall mortality exceeds 50% within five 
years.^? In patients who remain symptomatic de- 
spite treatment with diuretics, the mortality rate is 
approximately 75% over three years.?? 5! Until re- 
cently there was no evidence that treatment, with the 
presumed exception of cardiac transplantation, 
altered this terrible prognosis.5? 5? The detection of 
any possible positive association between survival 
and treatment has been delayed by a tendency to 
perform small drug studies with an inadequate du- 
ration of follow up. Combined data from the trials of 
angiotensin converting enzyme inhibitors appear 
promising and the published results of large trials 
are awaited.? The results of a large trial of the 
effects of enalapril in heart failure have now been 
published. Enalapril reduced mortality at six 
months and one year by 40% and 31% respectively 
when compared with placebo.5? The data from the 
Veterans Administration Cooperative Heart Failure 
Trial study demonstrate a 28% reduction in long 
term mortality with hydralazine and isosorbide 
dinitrate compared with placebo.*? To alter 
significantly the course of the disease, it is essential 
to recognise indicators of outcome. Data relating to 
function are  conflicting.?^ 55 
Though the left ventricular ejection fraction does 
not correlate with exercise capacity, it is an im- 
portant predictor of survival.*° The importance of 
non-sustained ventricular tachycardia is less clear. 
Though the presence of ventricular tachycardia cor- 
relates with mortality it is not clear whether it pre- 
dicts sudden death.5" Concentrations of plasma 
noradrenaline?? and serum sodium*® determined 
from a single blood sample may provide a guide to 
prognosis in heart failure. The cynic might say that 
the obvious conclusion from all these studies is that 
the sicker the patients, the quicker they will die. 
Most of the indices of prognosis are not indepen- 
dent predictors of survival. Because the known pre- 
dictors of survival do not relate to exercise capacity, 
it is pertinent to assess the prognostic significance of 
exercise testing. It is clear that the more severe the 
functional disability at the time of presentation with 
heart failure, the worse the prognosis.5 59 As pre- 
viously stated, however, New York Heart Associ- 
ation assessment is unreliable. Exercise “capacity as 
assessed by maximal oxygen consumption may pro- 
vide a simple non-invasive prognostic index. But in 
a relatively small study maximal oxygen con- 
sumption was found to be reduced to the same ex- 
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tent in survivors and non-survivors.5? Other studies 
show a relation between maximal oxygen con- 
sumption and prognosis. One investigation divided 
patients into two groups: group 1 had maximal oxy- 
gen consumption of <10mi/kg/min and group 2 
had maximal oxygen consumption > 10 ml/kg/min. 
The one year mortality for group 1 and group 2 was 
21% and 77% respectively (p < 0-001).°' Two 
larger studies, of 136 and 637 patients re- 
spectively,°? ©? showed that maximal oxygen con- 
sumption was a highly independent predictor of 
survival (p < 0-005), which in turn was a better pre- 
dictor than exercise duration or left ventricular ejec- 
tion fraction. Thus quantitative exercise tolerance 
also provides an important guide to prognosis in 
heart failure. 


Conclusions 


The clinical syndrome of heart failure is disabling 
and has a high mortality with a prognosis that is 
worse than many cancers. Exercise testing is a useful 
tool for assessing the severity of the disease. Mea- 
surement of functional capacity based on respiratory 
gas exchange during exercise permits greater under- 
standing of the pathophysiology of symptoms and 
provides an objective method of assessing responses 
to pharmacological and rehabilitative interventions. 
The major aim of treatment in this condition is to 
reduce mortality. It is unlikely that we can have a 
major impact on survival once heart failure is estab- 
lished. Surely it would be more rewarding to de- 
velop strategies aimed at early intervention? Perbaps 
an ability to perceive early deterioration will permit 
a more logical approach to treatment and optimise 
the timing of cardiac transplantation. A scientific ap- 
proach to understanding the pathophysiology and 
treatment of heart failure can no longer rely on sub- 
jective or crude measurements of left ventricular 
function. 
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Predictors of sudden death up-to 18 years after a first 
attack of unstable angina or myocardial infarction 
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SUMMARY Factors related to the occurrence of sudden death were examined in 551 men aged 
« 60 years who survived a first attack of unstable angina or myocardial infarction by at least 28 
days. There were 301 deaths over an average follow up period of 9-4 years and 138 (46%) of these 
were sudden. Life table techniques permitted the estimation of mortality up to 18 years after the 
index event. The proportion of sudden deaths showed a decrease with length of follow up. In 
those who were non-smokers and in those aged « 45 years on admission sudden deaths in the first 
two years were very common (80% (95% confidence interval: 6995-9195) and 79% (95 % 
confidence interval: 6895—909/) respectively). The proportion of sudden deaths in the remaining 
16 years of follow up was related inversely to age at initial attack. After the first two years of follow 
up sudden death rates were similar in those who continued to smoke and those who stopped 
smoking, although those who continued to smoke had a significantly higher overall mortality. 


The risk of sudden death should be borne in mind when planning the investigation and rehabil- 
itation of young and non-smoking subjects presenting with a first coronary event. 


In survivors of an acute coronary event there is a 
high risk of sudden death particularly during the 
first year after hospital discharge.! ? The purpose 
of this investigation was to examine patterns of sud- 
den death up to 18 years after a first coronary event 
and to identify factors related to this mode of death. 


Patients and methods 


Between 1 January 1965 and 31 December 1975, 555 
consecutive male patients aged «60 years who sur- 
vived a first attack of unstable angina or myocardial 
infarction by 28 days were entered into a long term 
follow up study (the St Vincent's Heart Study). One 
hundred and two (18-495) had confirmed unstable 


angina. The remainder had a myocardial infarction. , 


The methods of study have been described else- 
where.* Diagnosis of myocardial infarction was 
based on a history of cardiac pain, fresh Q waves in 
the electrocardiogram, and/or a twofold or greater 
increase in the activity of cardiac enzymes (creatine 
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kinase, lactic dehydrogenase, and aspartate trans- 
aminase). Unstable angina was diagnosed in patients 
with cardiac pain, serial ST and T wave changes, no 
abnormal Q waves, and no enzymatic evidence of 
recent myocardial necrosis. 

A full risk factor profile for each patient was 
recorded at entry to the study and included informa- 
tion on age, pre-existing angina, hypertensive state, 
and cigarette smoking habits. Only patients with 
angina of effort for at least three months before entry 
were classified as having angina before the event. 
For four patients this information was missing and 
they were excluded. This left 551 for analysis. 
Patients with at least one of the following criteria 
were deemed to have hypertension: average diastolic 
admission of 
>90 mm Hg; history of antihypertensive drug treat- 
ment before admission; diastolic — pressure 
7 100 mm Hg at subsequent outpatient visits during 


„the first three months after discharge; known hyper- 


tension requiring treatment; the presence of at least 
two of the following: (a) past history of hyper- 
tension; (b) electrocardiographic evidence of left 
ventricular hypertrophy, or (c) hypertensive reti- 
nopathy. For the purposes of this analysis all other 
patients were classified as normotensive. 
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Those smoking >5 cigarettes daily during the 
three months before the initial attack were classified 
as current smokers; those who had already ceased 
smoking for at least three months or were smoking 
«5 cigarettes a day were classified as ex-smokers, 
and those who never smoked cigarettes were 
classified as non-smokers. Primary pipe and cigar 
smokers were classified as non-smokers. 

Each patient was seen annually at a rehabilitation 
and secondary prevention follow up clinic. A change 
in smoking habit at the first follow up was examined 
as a variable in this report. Initial current smokers 
who survived two years after the index event were 
classified on this basis as stopped smokers if they had 
ceased for at least three months at the time of the 
examination. We found a high degree of veracity in 
the stated smoking habits of a sample of these 
patients. 

Subjects were followed up to the end of 1984. 
Cause and mode of death were derived from hospital 
records, necropsy reports, death certificates, and 
through contact with the family physician and 
patients’ relatives. Sudden death was defined as 
instantaneous death, death within one hour of the 
onset of symptoms, or unwitnessed death. Three 
hundred and one patients had died by the end of 
1984. All but eight (3:295) of the survivors were 
known to be alive in 1983 or 1984. The average 
length of follow up to death or last contact was 9-4 
years. 

All patients were managed conservatively with 
particular and repeated emphasis on risk factor 
modification. f blockers were used to control hyper- 
tension or in the management of severe angina of 
effort to facilitate an exercise program. f blockers 
were discontinued when exercise capacity returned 
to a satisfactory level. Otherwise they were not rou- 
tinely used during follow up. 


STATISTICAL ANALYSIS 

We used the Kaplan-Meier life table to esumate 
mortality up to 18 years after the presenting event. 
Eighteen patients were alive at this point. Because 
the numbers were small, estimates of mortality 
beyond 18 years were considered unreliable and are 
not considered in this report. 

Cox's proportional hazards regression model" as 
implemented in the SAS computer package? was 
used to examine the independent effects on mortality 
of the factors mentioned above: age (« 45; 45-49; 
50—54; 55-59), severity of attack (unstable agina or 
myocardial infarction), angina before the coronary 
event, hypertension, and smoking status. These fac- 
tors were entered as binary or dummy variables and 
were chosen because of their known influence on 
short or long term mortality from previous analyses. 
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Cause specific mortality (also taken to refer to 
mode specific mortality) analysis was performed 
with the particular cause as an end point and treating 
all other deaths as censored data. This allowed esti- 
mation of the “net” mortality?—that is the mortality 
from a particular cause if all other causes of death 
were eliminated. These net mortalities were then 
adjusted to give the actual cause specific mortality 
which is presented in the report. An appendix giving 
the adjustment procedure and the derivation of the 
variance estimates is available from the authors. 

To evaluate differences between early and late 
mortality, and to allow for differing effects of the 
factors studied, separate analyses were performed 
for mortality in the first two years and for the sub- 
sequent 16 years of follow up. In the former case all 
two year survivors were treated as censored at two 
years and for the next sixteen years the analysis was 
confined to two year survivors only. Results are 
expressed in terms of an average annual mortality 
(total or cause specific) in the early or late follow up 
periods, which permits direct comparison between 
the periods. Confidence intervals are based on an 
approximate variance estimate. 


Results 


Table 1 shows the distribution of the patient charac- 
teristics that were examined for all 551 patients 
included in the study and for the 500 two year sur- 
vivors. At two years those who were cigarette smok- 
ers at the time of their attack were further 
categorised into those who had stopped and those 
who had continued. There were 51 deaths in the first 


Table 1 Characteristics at entry to study of all patients 
and those survroting two years 


All Two-year 
patents SUTVIVOTS 
No (%) No (%) 
Age 
«45 97 a 88 (17-6) 
45—49 129 (23 4) 121 (24 2) 
50-54 129 (51 2) 136(27 2) 
255 175(31 8) 155(31 0) 
Severity of mual attack 
Unstable aagina 102(18-5) — 93(18-6) 
Myocardial infarction 449(81:5) 407(B1 4) 
Angina preceding the episode. 
Absent 405(73 5)  3T5(750) 
Present 146 (26 5) 125 (25 0) 
Hypertension’ 
Absent 471(855)  432(86 4) 
Present 80(14 5) 68(13 6) 
Cigarette smoking: 
Non 49 (8 9) pis 6) 
Ex 96(17 4) 84 (16:8) 
Current 406(737) | 233(466) 
(stopped) 
140 (28 0) 
(continued) 
Total 551 (100-0) 500 (100 0) 
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two years and 250 therafter. One hundred and thirty 
eight (45-895) were sudden and 119(39-5%) were 
attributed to other vascular causes including myo- 
cardial infarction. Table 2 shows the cumulative 
total, sudden death, and vascular and non-vascular 
mortality at selected times from study entry, based 
on the Kaplan-Meier life table. The proportion of 
sudden deaths since the index coronary event 
decreased with length of follow up and deaths from 
non-vascular causes became increasingly more 
important. 

'Table 3 shows the average annual mortality and 
percentage of sudden deaths separately for the two 
year period after the initial event and for the remain- 
ing sixteen years of follow up. The all-cause mor- 
tality increased with length of follow up (p < 0:05) 
while the sudden death rate showed only a marginal 
and non-significant increase. As a consequence the 
proportion of sudden deaths was lower in the later 
follow up period. 

Table 4 shows the effect of age at study entry on 
subsequent mortality. In general, sudden death rates 
tended to increase with age. Exceptionally, in the 
first two years of follow up, however, those aged 
<45 years had the highest annual mortality from 
sudden deaths (3-895) and a very high proportion of 
sudden deaths (7995). After two years the pro- 
portion of sudden deaths decreased with increasing 
age from 63% in the under 45s to 38% in those over 
55. 

Hypertension and the existence of angina before 
the index event were independently associated with 
increased sudden death rates—significantly so in the 
last 16 years of follow up. These factors also 
increased total mortality to the same extent and thus 
did not influence the proportion of sudden deaths. 
'The effect of the severity of the initial attack (unsta- 
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ble angina versus myocardial infarction) on mor- 
tality was confined to the first two years of follow up. 
Sudden death rates and total mortality in this period 
were higher in those who had a myocardial 
infarction initially. 

Based on the ordered category of non-smokers, 
ex-smokers, and current smokers at study entry the 
amount of smoking was associated with an increase 
in mortality from non-sudden causes and a decrease 
in mortality from sudden death over the first two 
years (table 5). Consequently the proportion of sud- 
den deaths decreased from a high of 80% in non- 
smokers to a low of 50% in those smoking at the 
time of the initial event (p < 0-05). Over the last 16 
years of follow up, however, those who had ever 
smoked cigarettes (initial ex-smokers and current 
smokers who either ceased or continued after their 
coronary episode) had similar sudden death rates, 
though mortality from non-sudden causes was con- 
siderably higher in those continuing to smoke. In 
this period non-smokers had the lowest sudden 
death rate (table 5). 


Discussion 


The World Health Organisation expert committee 
on sudden death concluded that "there is an urgent 
need to identify the various predisposing and pre- 
cipitating factors that in the presence or absence of 
coronary heart disease and ischaemia may lead to 
fatal arrhythmias".!? The purpose of the present 
study was to identify factors related to sudden death 
in survivors of an acute coronary episode followed 
for up to 18 years. Sudden death in the post-infarct 
patient over short follow up periods of a year or less! 
seems mainly related to ventricular arrhythmias and 
impaired left ventricular function. À recent editorial 


Table2 Life table mortahties and percentages of sudden deaths (study group 551) 








Cumulative mortality 
No at risk 

Time from imirial episode (yr) (at end of period) Total (9$) Sudden death (95) Other vascular (95)  Non-vascular (945) 

0-2 500 93 55 36 02 

2-5 430 21:3 116 75 2-2 

5-10 270 39 4 189 155 50 
10-15 63 63-2 282 260 90 
15-18* 18 724 332 277 115 


*There were six further deaths beyond this point 


Table 3 Average annual mortality and percentage of sudden deaths (95% confidence mntervals are given in parentheses) 








Average annual mortality 
Percentage 
Period after tmtral episode (yr) Total Sudden death of sudden deaths 
0-2 47(3 5-6 0) 2-8(1 8-3 53 58 3 (44 8-71 9) 
2-18 72(63-8 0) 32(2-63 8 44 4(38 2-50 5) 
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Table4 Age related to average annual mortality (95% confidence intervals are groen tn parentheses) 








Average annual mortality 
Percentage 

Period after watial attack (yr) Age (yr) Total (95) Other causes (%) Sudden death (96) of sudden deaths 
0-2 «45 48 10 3-8 72 1) 79 (den 

45-49 30 16 14(0.7-21 47 (34—61 

50-54 40 24 16(0 9-2 3 41 (28-5 

>55 48 20 28(1 %38 60 (46-73. 
2-18 «45 38 14 2-4(1 9-28) 63 (57-69 

45-49 69 35 3 10532 S. 

50-54 7-6 45 31(25-37) 41 (35-1 

>55 106 66 408347 38 (32-44 





suggests, however, that ventricular tachycardia may 
be the initiating event.!! Though many studies have 
reported on long term total mortality after 
infarction,'? none seems to have studied the end 
point of sudden death in detail. In men free of overt 
coronary heart disease it has been shown that the 
risk factors for sudden death cannot be dis- 
tinguished from the classic risk factors for the other 
manifestations of coronary heart disease.!?  !5 

'The identification of factors related to sudden 
death has important implications. Those with a high 
absolute risk should be advised to avoid situations, 
such as public service vehicle driving, where such an 
event could have serious consequences to themselves 
or others.!® Patients at high risk of sudden death, 
especially in the early post-event period, may show 
greater benefit from prophylactic f blockade or 
other antiarrhythmic treatment,‘ although second- 
ary prevention trials of such drugs still leave many 
unanswered questions about the use and efficacy of 
these agents. It is also not clear whether the reported 
mortality reductions in recent secondary prevention 
trials!? !? are the result of the anti-ischaemic or anti- 
arrhythmic effect of f blockers.!? 

In this study we have shown that sudden death in 
survivors of a coronary event becomes relatively less 
frequent as follow up increases. Aging seems to 
affect sudden death less than other modes of death, 
perhaps because the influence of the initial coronary 
event wanes with time. In fact over time the propor- 


tion of non-vascular and non-coronary deaths 
increased sharply. It should be emphasised that 
non-fatal reinfarction was not included as an end 
point in this analysis. 

During the first two years after a coronary episode 
the younger patient is at particularly high risk of 
sudden death but not from other modes of death. 
The decreasing proportion of sudden deaths with 
age at initial attack, which was noted here only in 
those who survived the initial two years, has also 
been reported in those without coronary heart dis- 
ease.!? Hypertension, angina preceding the episode, 
and the severity of the initial attack were associated 
to the same degree with increased risks of sudden 
death and other modes and causes of death. The 
high sudden death rate and high proportion of sud- 
den deaths in the non-smoker in the first two years 
are particularly surprising since among those with- 
out coronary heart disease non-smokers have a low 
risk of sudden death.!? After two years, however, 
the sudden death rate in the initial non-smokers 
dropped significantly and it was also lower in this 
period than the rate in those who had ever smoked 
cigarettes. This might be attributable to the fact that 
those susceptible to sudden death in this group may 
have already died. The low sudden death rate in the 
current smokers in the first two years is difficult to 
explain. 

In the later period of follow up the sudden death 
rate is similar in initial ex-smokers and current 


Table5 Initial and follow up smoking habit related to average annual mortality (95% confidence mtervals are given in 











parentheses) 
Average annual mortality 
Percentage 
Period after mmtial attack (yr) Smoking habit Total (%) Other causes (%) Sudden death (%) of sudden deaths 
0-2 Non 43 09 3-4 (2 3-4 5) 80 (69-91) 
Ex* 51 20 32(22-43) 63 (56-03) 
Current 3-8 1-9 19(1 1-27) 50 (36-63, 
2-18 Non 48 32 1 2 94 ji 33 155-47) 
Ex* 57 22 35(29-41 61 (55-67) 
Stopped 67 34 3 3 (2 7-3-9) 49 (43-5 
Continued 109 70 38(3 1-46) 35 (29-41 





* Before initial attack. 


* 
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smokers, irrespective of whether the latter continued 
or stopped smoking afterwards. The beneficial effect 
of stopping smoking on total mortality is not 
reflected in sudden déath. This present analysis, 
corrected for the presence of other factors, did not 
include interaction terms in the regression model; 
thus the results cannot be compared directly with 
our previous report on the same patients.?° We then 
showed that those who ceased smoking had a lower 
total mortality than the non-smokers and ex- 
smokers combined, and that stopping smoking 
reduced the rate of sudden death only in those with 
less severe coronary attacks. 

In this study we have shown that in patients sur- 
viving a first episode of documented unstable angina 
or myocardial infarction the factors that relate to 
overali mortality also tend to influence sudden 
deaths. The proportion of sudden deaths decreases 
with age, however, and, unlike.its effect on total 
mortality, stopping smoking does not reduce the 
absolute sudden death rate. The young patient and 
non-smoker are at particularly high risk of sudden 
death, especially in the first two years after an initial 
attack. Special attention with a view to prevention 
should be given to thesé groups. 


This study was funded by University College, Dub- 
lin. We acknowledge the endeavours of all members 
of the research team in the Cardiac Department of St 
Vincent's Hospital who helped in the yearly follow 
up examinations. We thank the computer centre of 
University College, Dublin for the use of facilities. 
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Mortality in heart failure: clinical variables of 
prognostic value 
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SUMMARY One hundred and fifty two patients with chronic heart failure caused primarily by left 
ventricular dysfunction were followed prospectively in an open study for a mean period of 21 
months. The effects of several clinical variables on subsequent outcome were examined, including 
the effects of treatment, which was determined by the clinician caring for the patient and was not 
randomly allocated. In order of importance, frequent ventricular extrasystoles, non-treatment 
with amiodarone, low mean arterial pressure, and a diagnosis of coronary artery disease were 
associated with a poor prognosis, with each of these variables providing extra predictive informa- 
tion independently of the others. Initial serum potassium concentration and treadmill exercise 
time also carried further weak but independent prognostic information. Neither treatment with 
angiotensin converting enzyme inhibitors nor digoxin appeared to affect outcome. Left ventricu- 
lar function (as reflected by M mode echocardiography) and the dose of diuretic also failed to 
predict outcome. There did, however, appear to be a reduction in the frequency of sudden death 
when angiotension converting enzyme inhibitors were given. 

Further studies are required to confirm the adverse prognostic significance of ventricular 
arrhythmias in patients with heart failure and the possible benefit associated with amiodarone 


treatment. 


Chronic heart failure is a condition of varied 
aetiology that imposes a heavy burden of symptoms, 
confers a very poor prognosis,! ^? and affects 4% of 
the population under the age of 75 years.* Once an 
in-hospital diagnosis of heart failure has been made, 
the annual mortality is likely to be 40% or more,! ^? 
though the prognosis seems to be slightly better in 
those patients not referred to hospital and who, pre- 
sumably, have milder disease. 

The most frequently reported mode of death in 
patients with heart failure seems to be sudden,? ? 5 
presumably caused by ventricular arrhythmias,° 
which are common.! 7 5 Many! ? 1? but not all!! 13 
workers suggest that these arrhythmias are powerful 
independent prognostic indicators for mortality. 
Whether they are of primary importance or merely 
reflect the extent of left ventricular dysfunction is 
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unclear at present.!!?!? One retrospective case- 
control study suggested no reduction in mortality 
with procainamide,'* though anecdotal comment 
has suggested a possible benefit with amiodarone.!5 
Another prospective study suggested that arrhyth- 
mias in patients with heart failure are resistant to 
treatment.!$ “Vasodilator” treatment on the other 
hand has been shown to improve outcome.! 1? 

We investigated the importance of arrhythmias, 
left ventricular function, treatment, functional 
capacity, and biochemical indices in predicting out- 
come in a large series of patients with heart failure 
followed prospectively in an open study. 


Patients and methods 


PATIENTS 

One hundred and fifty two patients in whom a diag- 
nosis of heart failure was established on clinical, 
radiological, and echocardiographic grounds were 
recruited. All were symptomatically stable but in 
New York Heart Association classes II-IV (mean 
(1 SD) 2:8(0-8)). The mean (1 SD) age was 59(9) 
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years, 84% were male, and the mean (SD) duration 
of heart failure was 18 (19) months (all > 3 months). 

One hundred and four had received digoxin for 
more than one month before entry to the study and 
all were receiving frusemide in a mean (1 SD) daily 
dose of 127(85) mg/day. No patients were on 
potassium-sparing diuretics but 47 were on potas- 
sium chloride supplements (median dose 1800 
mg/day). 

The diagnosis was ischaemic heart disease in 93, 
idiopathic congestive (dilated) cardiomyopathy in 
28, residual left ventricular dysfunction after suc- 
cessful valve replacement in 16, secondary to hyper- 
tension in nine, and alcohol related cardiomyopathy 
in six. Patients in whom angina was an appreciable 
complaint at rest or during exercise were excluded. 
'The absence of coronary artery disease was always 
confirmed by coronary angiography; coronary artery 
disease was diagnosed either at coronary angio- 
graphy or after myocardial infarction with typical 
history and electrocardiographic and enzyme 
changes. 

Patients were allocated to angiotensin converting 
enzyme inhibitors or amiodarone on an open basis, 
either in the context of a clinical trial! or for clinical 
reasons on the order of the attending physician. 
Selection of patients was not systematic and criteria 
varied over the period of observation. Patients were 
therefore not necessarily selected for angiotensin 
converting enzyme inhibitors or treatment with ami- 
odarone on the basis of severity of heart failure or 
the presence of arrhythmias. This reflects the uncer- 
tainty of the clinical value of these drugs during 
much of the observation period. Amiodarone was 
started at 200 mg three times a day in most cases, 
with a mean (1 SD) daily maintenance dose of 183 
(54) mg/day (range 100—400 mg/day). 


METHODS 

New York Heart Association scores were deter- 
mined in the light of the exercise performance. 
Heart rate was measured from the apex beat and 
blood pressure was recorded with a Hawkesley ran- 
dom zero sphygmomanometer. 

A 12 lead electrocardiogram was recorded before a 
graded treadmill test by a modified Bruce protocol. 
Forty eight hour ambulatory monitoring was also 
performed with a Medilog I system and the results 
were analysed with a Pathfinder Analyser under 
constant visual monitoring. Ventricular tachycardia 
was defined as 23 consecutive ventricular extra- 
systoles at > 120 beats/minute. 

M mode echocardiography was performed with 
the patients in the left lateral position. 

Blood was taken for measurement of serum 
sodium, potassium, and creatinine concentrations 
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on at least two and up to five occasions at different 
times of day and an average value was taken. The 
median number of samples taken was three. Blood 
was taken for measurement of serum digoxin con- 
centration at least six hours after the last dose. 


DEFINITION OF MODES OF DEATH 

The mode of death was ascertained either from the 
deceased’s relatives, from the family practitioner, or 
from the observations of the hospital staff. Where 
death was believed to be from cardiac causes, it was 
classified as death from pulmonary oedema, cardio- 
genic shock, or sudden (defined as death without 
reporting a change in symptoms in the 24 hours 
before death to lay or medical persons). Sudden 
death was also divided into cases that had or had not 
indicated some gradual chronic deterioration of 
symptoms of heart failure in the months before 
death. 


STATISTICAL ANALYSIS 

Means (1 SD) are given for the study group and 
treatment subgroups. Means of subgroups were 
compared by two-sample t tests. The log-rank test?? 
was used to compare survival rates in the treatment 
subgroups. Cox’s proportional hazards model?! was 
used to correct for and identify important covariates. 
A stepwise routine?? was used to identify the best 
subset of predictors. Both forward and backward 
stepping was used to protect against the omission of 
important predictors. Pearson’s product moment 
correlation coefficients were calculated to investigate 
interrelations between the prognostic indicators and 
the other variables. Estimated survival curves were 
subsequently constructed for each treatment and for 
each of the variables independently related to out- 
come. This was done by fixing at median values all 
variables that carried independent predictive infor- 
mation other than the one tested. 


Results 


CLINICAL OUTCOME 

'The mean follow up time was 21 (12) months, dur- 
ing which 63 patients (41%) died. Forty seven 
(75%) of the deaths were sudden, though in 12 
(2695) patients clinical deterioration was noted at 
the follow up clinic in the months before death. Five 
patients died in cardiogenic shock after recurrent 
myocardial infarction and two died after cere- 
brovascular accidents. One patient died after mesen- 
teric artery occlusion, one soon after peripheral 
vascular surgery, one from chronic lymphatic 
leukaemia and associated respiratory infection, and 
one from rectal carcinoma. Only five (8%) deaths 
were considered to be caused by intractable left ven- 
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tricular failure. Four patients presented with sus- 
tained ventricular tachycardia during follow up. 
None was on antiarrhythmic treatment at the time. 
Although treatment with procainamide in two cases, 
tocainide in one case, and amiodarone in one case 
was started, all four subsequently died. 


PREVALENCE OF ARRHYTHMIAS 

The mean frequency of ventricular extrasystoles 
over 24 hours was 4321 (median value 1375, range 
0-24299). Seventy nine per cent of patients had 
couplets or salvoes of ventricular extrasystoles on 
ambulatory monitoring (mean 15, median 5, range 
0—768 per 24 hours). Sixty one per cent of patients 
had one or more episodes of ventricular tachycardia 
with a mean overall frequency of seven (median 
value 2, range 0-201) in 24 hours. 


BASELINE CHARACTERISTICS 

The mean initial heart rate was 88 (14) beats/min 
and mean arterial pressure was 91 (14) mmHg. 
Forty five patients (30%) had left bundle branch 
block. The mean concentration of serum sodium 
was 136 + 10 mmol/l, of serum potassium 3:8 (0-4) 
mmol/l, and of serum creatinine 117 (27) pmol/l. 
The mean end diastolic left ventricular dimension 
was 6:7 (0:8) cm and end systolic dimension was 5-7 
(0-9) cm. The resulting fractional shortening was 
15:3 (6:5)94. 


CHANGES IN TREATMENT 

During follow up 11 patients were started on nitrate 
treatment, 
hydralazine. In 18 patients an increase in diuretic 
treatment was required, and in six patients who were 
taking angiotensin converting enzyme inhibitors the 
dose of diuretic was reduced because of postural 
hypotension. As mentioned above four patients were 
treated with antiarrhythmic agents for sustained 
ventricular tachycardia at a time other than entry to 
the study. Nineteen patients were taking potassium- 
sparing diuretics: amiloride in 14 (10-20 mg/day) 
and spironolactone in five (25-50 mg/day). Only 
three of these were in the group treated with angio- 
tensin converting enzyme inhibitors. 


COMPARISON OF TREATMENT SUBGROUPS 
Those treated with amiodarone were well matched 
in all respects with those who did not receive this 
treatment (table. 1). Those subjects treated with 
angiotensin converting enzyme inhibitors (table 2) 
had significantly worse New York Heart Association 
scores, tended to have shorter exercise times, more 
episodes of ventricular tachycardia, and required 
significantly more frusemide and digoxin. 

Patients taking digoxin (table 3) had worse New 
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Tablel Comparison between patients taking amiodarone 
and those not taking amiodarone 
Data No amiodarone Amnodarone 
No 111 41 
Age (yr) 60 (10) 58 (8) 
Sex (% males) 
“NYHA 28(08) 2:9 (0 9) 
CAD (90) 
Exercise time (min) 7-5 (4 8) 7-4 (4-6) 
MAP (mm Hg) 91 (14) 92 (14) 
FS (%) 15-6 (6 8) 14 6(5 7) 
Left BBB (95) 32 4 
Serum sodium (mmol/l) 137 (5) 137 (4) 
Serum potassium 

(mmol/l) 3-8 (0-4) 3-9 (0-4) 
Ventri extrasystoles — 4261 2 

(24 hr) range 6-242909 range 7-17345 
Ventricular tachycardia 48 114 

(24 hr) range 0-67 range 0-201 
ACE inhibitor (No) "43 18 
Digoxin (No) 74 30 
Frusemide (mg/day) 128 (93) 122 (61) 


Values are mean (1 SD), or range. ACE, angiotensin converting 

NYHA, New: York H ioti i 
CAD, coronary artery disease; MAP, mean arterial pressure; FS, 
echocardiographic left ventricular fractional shortening; BBB, 
bundle branch block. 


York Heart Association scores than those not on 
digoxin. 


PREDICTORS OF PROGNOSIS 

Several variables were found to be of prognostic 
value by Cox’s proportional hazards mode! (table 4). 
Stepwise regression with Cox’s proportional haz- 
ards model showed that in order of importance 
ventricular extrasystoles (p < 0-0001), amiodarone 
treatment (p < 0-001), mean blood pressure (p < 


Table 2 Comparison between patients taking an ACE 
inhibitor and those not taking an ACE inhibitor 


No ACE AGE 
D kbitor i 
No 91 61 
Age (yr) 59 (10) 59 (8) 
Sex (96 males) 5 
NYHAt 26(07) 3-1 (0 8) 
CAD (%) 65 56 
Exercise time (min) 8-0 (45) 6°6 (5-0) 
MAP (mm H; 93 (15) 88 (13) 
FS (96) 16-1 (6 3) 14 3 (6-7) 
Left BBB (96) 32 7 
Serum sodium (mmol/l) 137 (8) 136 (6) 
Serum potassium 
(mmol/T) 3-9 (0-4) 377 (0-4) 
Ventricular extrasystoles 4121 4592 
(24 hr) range 0-21804 range 0-24299 
Ventricular tachycardia 44 10 
(24 hr) 0-38 range 0-201 
Amiodarone No) 23 18 
Mor 49 55 
Frusemide (mg/day) 101 (54) 163 (106) 





See footnote ro table 1 for abbreviations. 
*p < 005. fp < 001. fp < 0001. 
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Table3 Comparison between patients taking digoxin and 
those not taking digoxin 


Data No digoxin Digoxin 
No 48 104 
(yr) 59 (11) 60 (9) 
ex (% males) 89 80 
* 25(0-7) 30(0:8) 

CAD (9$) 50 67 
Exercise time (min) 8-0 (4 5) 70(47) 
MAP (mm Hg 93 (13) 90 (15) 
FS (94) 16:6 (6-3) 14 8(6 5) 
Left BBB (94) 37 29 
Serum sodium (mmol/l) 138 (5) 136 (5) 
Serum potassium 

(mmo 40(04) 3 8 (0-4) 
Ventri extrasystoles 3452 4692 

(24 hr) range 6—21804 range 7-24299 
Ventricular tachycardia — 47 7-6 

(24 hr) 0-38 range 0-201 
Amiodarone (No) ll 30 
ACE inhibitor (No)t 6 55 
Frusemide (mg/day) 93 (58) 143 (92) 





See footnote to table 1 for abbreviations. 
*p < 003. tp < 001. 


0-001), and a diagnosis of coronary artery disease 
(p < 0-001) were of important independent prog- 
nostic value. Initial serum potassium concentration 
(p < 0-02) and exercise time (p < 0:03) were found 
to be of some additional independent predictive 
value. 


EFFECTS OF TREATMENT 

Amiodarone treatment seemed to improve the prog- 
nosis (p < 0-01) (fig 1); this reduction in mortality 
was largely caused by a decline in the occurrence of 


- sudden death, as 45% of those, not treated with. 


amiodarone died suddenly compared with 15% of 


'Table4 Prognostic value of variables analysed by Cox's 
proportional hazards model ( umvariate analysis) 





Statistical 
Variable significance 
Ventricular extrasystoles (24 h) p < 00001 
Mean arterial pressure (mm Hg) p < 00001 
Serum potassium (mmol/l) p < 00001 
Serum sodium (mmol/l) p < 00001 
Exercise time (min) p < 00001 
NYHA score p < 00001 
Anuodarone treatment p<001 
Echocardiographic end systolic dimension 
ee p<001 
ocardiographic fractional shortening (%) p<001 

Left bundle branch block p«cool 
Echocardiographic end diastolic dimension 

(cm) p<002 
Diagnosis of coronary artery disease p<00% 
Ventricular tachycardia (/24 h) p<006 
Age (years) p< 007 
Frusemude dose (mg/day) p<0O1 
Duration of symptoms p<07 
Heart rate (beats/min) p<08 
Captopril treatment p=093 
Digoxin treatment pe099 
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those treated with amiodarone during the follow up 
period. While angiotensin converting enzyme 
inhibitors had no overall beneficial effect on 
mortality (fig 2), the frequency of sudden death was 
less (21% vs 37%; p < 0-05). There were six (10%) 
deaths (see above) caused by vascular events in the 
group on angiotensin converting enzyme inhibitors 
but only three (395) in the group not treated with 
angiotensin converting enzyme inhibitors (NS). 
Treatment with digoxin (fig 3) and diuretic dose did 
not alter the overall prognosis or the frequency of 
sudden death before or after adjustment for the 
covariates. Separate analysis of those patients 
undergoing a change in treatment showed no alter- 
ation in prognosis. Potassium supplements did not 
affect prognosis. 


RELATION OF VENTRICULAR EXTRASYSTOLES 
TO OTHBR MEASURED VARIABLES 

Ventricular extrasystoles were correlated with the 
frequency of more complex ventricular extrasystoles 
(r = 0-66; p < 0-0001) and were also associated with 
a worse New York Heart Association score (p « 
0-001). However, no association was noted with the 
use of digoxin or with concentrations of serum 
digoxin (0-8-2-3 nmol/l) (all of which were in the 
therapeutic range < 2-6 nmol/l). Exercise time (r = 
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Fig 1 Cumulative proportion surviving (log rank test). 
Patients on armodarone faired better (p < 0 01). Note that 
no events occurred m the amodarone treated patients after 
15 months and no valid prediction of subsequent mortality 
can be made from this analysis. 
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Fig2 Log rank survival curves comparing patients treated 
with or without angiotensin converting enzyme inhibitors. No 
difference was noted. 


p « 0-001), and left bundle branch block (r — 0-35 
p < 0:001) were the best predictors of the frequency 
of ventricular arrhythmias. 
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Fig3 Log rank survival curves comparing patients treated 
with or without digoxin. No difference was noted. 


Cleland, Dargie, Ford 
1004 2, 
o ee 
o - o No amiodarone 
90 S, "æ * Amiodarone 
eo “nee 
80 ^e - 
F = 
70 a se 
o9 eee 
*8 a 
v 60 EA a 
: & - 
E 9 t. 
* 40 3 
eo 
foe] 
Po 
30 9o 
o 
& 
20 on, 
eo» 
10 awo 
Do 
co 
0 
T—T—31—1——31—7——3—31——31—1—1—1-4 
0 6 12 18 24 30 36 
Time (months) 


Fig4 Estimated survival function of patients wth or 
without amiodarone treatment. The frequency of ventricular 
extrasystoles, the mean arterial pressure, serum potassium, 
and exercise time were all fixed at median values and all 
patients were designated as having coronary artery disease 
(the largest diagnostic subgroup). 


COMPARISON OF RISK FACTORS IN 
DIAGNOSTIC SUBGROUPS 

Those subjects with heart failure caused by coronary 
artery disease had a significantly lower blood pres- 
sure than those without coronary artery disease (89 
(12) vs 94 (16) mm Hg; p < 0:01) and a lower fre- 
quency of ventricular arrhythmias (3950 vs 4875/24 
hours; p < 0-02). The duration of symptoms before 
entry was also shorter (12:9 (14-7) vs 25-7 (21-1) 
months; p < 0:01). In other respects, including ven- 
tricular function (fractional shortening 15:5 (6-3)% 
vs 15-0 (6-3)%), exercise time (7:5 (4-6) vs 7-4 (4-9) 
minutes), and serum potassium (3-9 (0-4) vs 3-8 (0-4) 
mmol/l) they were similar to patients in other diag- 
nostic groups. 


RELATION OF MEAN ARTERIAL PRESSURE TO 
OTHER MEASURED VARIABLES 

The set of variables with the best independent 
relation to mean arterial pressure was serum sodium 
(r = 0:54 p < 0-001), New York Heart Association 
score (r = —0-41 p < 0-001), and end diastolic left 
ventricular dimension (r = —0:29 p < 0-01). 
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Fig5 Estimated survival curve for patients with or emthout 
angiotensin converting enzyme inhibitors. Again all 
important prognostic factors were fixed at median values; 
patients were designated as having coronary artery disease 
but not receiving amiodarone. 


RELATION OF SERUM POTASSIUM AND 
EXERCISE TIME TO OTHER MEASURED 
VARIABLES 

Only serum sodium (r = 0-40 p < 0-001) was found 
to have a significant and independent relation to 
serum potassium. Exercise time was best related on 
stepwise regression to New York Heart Association 
score (r = —0-79; p « 0-0001) and fractional short- 
ening (r = 0-31; p « 0-001). 


ESTIMATED SURVIVAL CURVES 
The estimated survival curves for amiodarone 
versus no amiodarone treatment again suggested 
significant improvement in survival with 
amiodarone (fig 4). The estimated survival curves 
still suggested no pronounced beneficial effect with 
angiotensin converting enzyme inhibitors (fig 5), but 
also suggested no deleterious effect with digoxin use. 
The estimated survival curves for prognostic 
indicators suggested that clinically meaningful 
separation could be made on the basis of the 
frequency of ventricular extrasystoles (fig 6), a diag- 
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nosis of coronary artery disease (fig 7), mean arterial 
pressure (fig 8), exercise time (fig 9), and serum 
potassium (fig 10). 


Discussion 


Several recent studies in populations of patients 
with heart failure with varying diagnoses have 
reported conflicting results for the most reliable 
independent indicators of prognosis.!?!? Some 
suggest that ventricular arrhythmias are the most 
powerful independent indicators! ? ? but others have 
not confirmed this.!! ^? It may be that ventricular 
arrhythmias merely reflect the extent of left ventric- 
ular dysfunction.? 1? 13 23 These different views may 
be a reflection of different study populations, with 
arrhythmias in heart failure caused by idiopathic 
dilated cardiomyopathy showing a good relation 
with the extent of left ventricular dysfunction in 
some studies?^ but not in others.!? In patients with 
ischaemic heart disease and left ventricular dys- 
function, arrhythmias seem to be poorly related to 
the extent of dysfunction.” 1° Some studies suggest 
that indices of cardiac function and the severity of 
symptoms are helpful in predicting the prognosis of 
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Fig6 Estimated survival curve for patients with a high and 
a low frequency of ventricular extrasystoles (VES). Values 
were chosen arbitrarily. Patients had other important 
prognostic factors fixed at median values and were assumed to 
have coronary artery disease but not to be taking armodarone. 
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Fig7 Estimated survtoal curve for patients with or without 
coronary artery disease. Patients had other important 
prognostic factors fixed at median values and were assumed 
not to be taking amiodarone. 


patients with heart failure.? +775 Left bundle branch 
block??9 serum sodium concentration, ?" mean 
arterial pressure,” exercise performance,?® and cen- 
tral venous plasma noradrenaline concentration? 
have also been found to be useful in some studies. 
But for each of these indices there are conflicting 
studies.?9~ 3! 

This study clearly demonstrates that the fre- 
quency of ventricular extrasystoles is strongly asso- 
ciated with a poor prognosis in patients with chronic 
heart failure caused by left ventricular dysfunction. 
‘That death is due to ventricular arrhythmias cannot 
be proved in a study like this one, but the high fre- 
quency of sudden death and low frequency of death 
caused by intractable heart failure suggest that the 
great majority of deaths in such patients are the 
result of arrhythmias. The lack of a significant 
relation between more complex ventricular arrhyth- 
mias and mortality may reflect the relatively short 
period over which we recorded the electro- 
cardiogram. We have confirmed that complex ven- 
tricular arrhythmias relate closely to the frequency 


of simple extrasystoles, as has been previously 
noted.! 
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The frequency of sudden death in this study is 
higher than the figure of around 50% reported in 
some studies. This may reflect differences in both 
the chosen patient population and differences in 
reporting. Other investigators have tended to 
exclude from the sudden death group patients with 
some deterioration in their condition before death, 
though the terminal event may none the less have 
been sudden, unexpected, and potentially arrhyth- 
mic. On the other hand we have adopted a very rigid 
definition of death caused by heart failure. 

Our study suggests that arrhythmias are more 
closely related to functional class and'exercise per- 
formance than to indices of resting left ventricular 
performance. The lack of a relation between progno- 
sis and M mode echocardiographic measurements of 
left ventricular function should be interpreted with 
caution especially when comparing different sub- 
jects with ventricles that have been damaged by 
ischaemia. However, several studies with invasive 
haemodynamics have also suggested a poor relation 

with prognosis. The relatively poor relation of 
exercise performance to left but not to right ventric- 


100432, 
EA o MAP 70mmHg 
904 co es « MAP 120mmHg 
woe 
2^ 
80 ce 
| 
oe 
7 33 
os 
% ba 
60 3 ee 
E s s 
= $ " 
2 50 o ^ 
: & c 
z 60 e» 
40 Ro $ 
4$ UE 
30 o - 
So -, 
D p 
20 2. ete oos 
e * 
eco ~ 
10 ono eo 
qo e 
Qon erento 
0 
0 6 12 18 24 30 36 
Time (months) 


Fig8 Estimated survival curve for patients with a high or a 
low mean arzerial pressure (MAP). Values were chosen 
arbitrarily. Patients had other important prognostic factors 
fixed at median values and were assumed to have coronary 
artery disease but not to be taking amiodarone. 
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Fig9 Estimated survival curve for patients with a short or 
a long exercise time in the modified Bruce protocol. Values 
were chosen arbitrarily. Patients had other important 
prognostic factors fixed at median values and were assumed to 
have coronary artery disease but not to be taking amiodarone. 


ular haemodynamic function has been well docu- 
mented.???3 The relation between exercise per- 
formance and prognosis may suggest this is a better 
index of cardiac performance.?? 

' Hypokalaemia was more closely associated with 
ventricular arrhythmias than has been suggested 
previously, though a direct causal relation cannot 
be confirmed. The association may have been 
increased by use of digoxin,)5^?? since hypo- 
kalaemia may enhance myocardial digoxin bind- 
ing? Hypokalaemia may also be an index of 
depletion of total body reserves of potassium.?9 39 

- We were unable to demonstrate any direct effect 
of therapeutic concentrations of digoxin on arrhyth- 
mias in heart failure, perhaps because of the wide 
interindividual susceptibility to arrhythmias or to 
the counterbalancing effect of an improvement in 
left ventricular function.*° 

It is likely that local myocardial ultrastructural 

and metabolic factors together with focal ischaemia 
caused by coronary vascular disease or excessive 
myocardial wall tension also lead to arrhythmias; 
these would not have been detected by our screening 
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methods. Increased sympathetic activity might also 
give rise to arrhythmias*! and because sympathetic 
activity appears greatest in subjects with the lowest 
mean arterial pressure *? this is one mechanism by 
which low blood pressure may be related to arrhyth- 
mias. 

A low mean blood pressure was also found to be of 
prognostic significance, as has been noted by oth- 
ers.^ Plasma renin and catecholamines are known to 
be inversely related to blood pressure in heart 
failure*? and a recent study has suggested that con- 
centrations of plasma noradrenaline and to a lesser 
extent plasma renin are of prognostic significance in 
heart failure,? though this has been disputed." Our 
study also demonstrates the inverse relation between 
blood pressure and serum sodium. Low blood pres- 
sure appears also to be a marker of clinically more 
severe heart failure because it is associated with 
worse New York Heart Association scores and 
poorer exercise performance. 

The poorer prognosis in patients with coronary 
artery disease noted in this and other studies? 
appears related to sudden death rather than rein- 
farction. Transient focal ischaemia may have caused 
arrhythmias even though angina was not a feature of 
this study group. The shorter duration of symp- 
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Fig 10 Estimated survival curve for patients with a high or 
a low imtial mean serum concentration of potassium. Values 
were chosen arbitrarily. Patients had other important 
prognostic factors fixed at median values and were assumed to 
have coronary artery disease but not to be taking amiodarone. 
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toms, lower mean blood pressure, and lower inci- 
dence of arrhythmias in those with coronary artery 
disease should also be noted. 

The widely divergent estimated survival curves 
that we found not only for amiodarone treatment, 
but also for the frequency of ventricular arrhyth- 
mias, the diagnosis of coronary artery disease, arte- 
rial pressure, exercise time, and serum potassium 
suggest that the factors we have described are of 
clinical relevance. These clinical variables could be 
used to define an individual patient’s likely prog- 
nosis. 

The effect of vasodilators on prognosis remains 
controversial,!" ^? *^ while angiotension converting 
enzyme inhibitors appear to have beneficial effects 
on prognosis.1? 4345 Attempts have been made with 
antiarrhythmic drugs to improve the prognosis in 
heart failure. Some drugs such as disopyramide*® 
and flecainide^? seem to be unsuitable because of 
their negative inotropic action, while experience 
with other class I agents such as procainamide!* has 
not been fruitful. Agents such as f blockers and 
verapamil*® *? are also negative inotropes; these also 
seem unsuitable for use in this area, though there is 
conflicting evidence of a beneficial effect of f block- 
ers in heart failure.59 5! 

Depression of ventricular function by amiodarone 
at rest or during exercise is rare when modest doses 
are used.525? Amiodarone also effectively sup- 
presses ventricular arrhythmias in patients with 
heart failure,!" presumably accounting for the 
pronounced reduction in sudden death. The 
improvement in prognosis noted in the present 
study may not be entirely the result of its anti- 
arrhythmic actions. Amiodarone also has anti- 
ischaemic effects which may be beneficial in idio- 
pathic dilated cardiomyopathies as well as in heart 
failure related to coronary artery disease. 

The relatively low maintenance dose of amio- 
darone used in this study limited the frequency of 
side effects. We have also noted worsening of 
arrhythmias in patients with heart failure when a 
loading dose of amiodarone of 200 mg three times a 
day was given. Such patients have responded 
to a more gradual introduction of amiodarone 
100—200 mg once daily. Though the PR interval was 
prolonged in several patients on amiodarone we 
found only one case of higher grade block (2:1 
block). 

We were unable to demonstrate any effect on 
overall prognosis associated with the use of either 
digoxin or angiotensin converting enzyme 
inhibitors, nor did the dose of diuretic exert any 
powerful effect. The group treated with angiotensin 
converting enzyme inhibitors had worse heart fail- 
ure, however, and the statistical analysis may not 
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have compensated for this difference. A large con- 
trolled study has demonstrated a pronounced reduc- 
tion in mortality rates in patients with very severe 
heart failure treated with enalapril.!? Interestingly, 
in patients with severe heart failure deaths from 
progressive heart failure were reduced but not sud- 
den deaths. This contrasts with the rise in mortality 
associated with the use of some inotropic agents in 
heart failure.** In our study, the incidence of sud- 
den death was significantly reduced in those on 
angiotensin converting enzyme inhibitors; this may 
have been attributable to correction of hypokalaemia 
and hypomagnesaemia and intracellular potassium 
depletion, beneficial haemodynamic effects, and a 
reduction in sympathetic activity.55 59 The statisti- 
cally insignificant increase in the frequency of vascu- 
lar events suggests that angiotensin converting 
enzyme inhibitors should be used with caution in 
patients with known critical arterial stenoses. Poten- 
tial deleterious effects of digoxin and higher doses 
of diuretics may have been masked by the use of 
amiodarone and captopril, but they did not seem 
to exert any powerful influence on prognosis. 


We thank Dr John Reid, Dr John Kennedy, and Dr 
John McArthur for allowing us to study many of 
their patients. JGFC was supported by a Medical 
Research Council Training Fellowship and latterly 
by a Squibb Cardiovascular Fellowship during this 
study. 
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Out-of-hospital cardiac arrest in patients without 
clinically significant coronary artery disease: _ 
comparison of clinical, electrophysiological, and 
survival characteristics with those in similar patients 
who have clinically significant coronary artery disease 


CHRISTOPHER J McLARAN,*t BERNARD J GERSH,* DECLAN D SUGRUE,* 
STEPHEN C HAMMILL,* ALAN R ZINSMEISTER,] DOUGLAS L WOOD,* 
DAVID R HOLMES JR,* MICHAEL J OSBORN* 


From the *Diussion of Cardiovascular Diseases and Internal Medicine, and the 1 Section of Medical Research 
Statistics, Mayo Clinic and Mayo Foundation, Rochester, Minnesota, USA 


SUMMARY Fifty nine survivors of out-of-hospital cardiac arrest unassociated with an acute myo- 
cardial infarction were referred for intracardiac electrophysiological study. Thirty patients who 
had no clinically significant coronary artery disease (group 1) were compared with 29 who did 
(group 2). Ventricular tachycardia or fibrillation was induced in significantly more patients in 
group 2 than in group 1 (69% vs 40%). Median duration of follow up, which was achieved in all 
patients, was 31 months in group 1 and 14 months in group 2. In group 1, an effective treatment 
was identified electrophysiologically in seven patients, and none died; an arrhythmia was induced, 
but no effective treatment was identified in five patients, and one patient died subsequently; an 
arrhythmia was not induced in 18 patients, 15 of whom were treated empirically with anti- 
arrhythmic drugs, and one died. In group 2, effective treatment was identified electro- 
physiologically in seven patients and three died (two of pump failure) during follow up. In 13 an 
arrhythmia was induced but no effective drug was identified, and six died or had a recurrence; in 
another nine patients without inducible arrhythmias, six subsequently died or had a recurrence. 
A Cox proportional hazards analysis identified previous myocardial infarction as the only predic- 
tor of recurrence. 

Patients without coronary artery disease who suffer an out-of-hospital cardiac arrest have a low 
inducibility rate at electrophysiological study and an excellent prognosis compared with patients 
who have coronary artery disease. Electrophysiological testing seemed to be of value in predicting 
the response to antiarrhythmic drugs, but non-inducibility of arrhythmias in patients with coro- 
nary artery disease was of no predictive value. 
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Patients who experience an out-of-hospital cardiac 
arrest unassociated with acute myocardial infarction 
have a high recurrence rate.!? Recently, invasive 
electrophysiological testing has been suggested as a 
useful method of assessing the efficacy of anti- 
arrhythmic treatment in these patients.) ? If the 
arrhythmia cannot be induced while the patient is on 
antiarrhythmic drug treatment, long term survival is 
improved.*~® In reported series most patients have 
had underlying coronary artery disease.? ? 5 There is 


583 


584 


little information on the role of electrophysiological 
study and its impact on survival in patients without 
coronary artery disease who have had an out-of- 
hospital cardiac arrest. The present study compares 
the clinical features, the results of electro- 
physiological study, and survival characteristics in 
two groups of patients—one with and one without 
coronary artery disease—who were resuscitated after 
an out-of-hospital cardiac arrest unassociated with 
acute myocardial infarction. 


Patients and methods 


PATIENTS 
Fifty nine patients (36 male, 23 female; mean age 52 
years, range 5-73) who had survived an out-of- 
hospital cardiac arrest not associated with an acute 
myocardial infarction were referred for electro- 
physiological study between November 1978 and 
February 1984. In all patients the rhythm at the time 
of the cardiac arrest was noted (46 had ventricular 
fibrillation and 13 had ventricular tachycardia), and 
an associated acute myocardial infarction was 
excluded by the absence of the typical evolution of 
electrocardiographic changes or the usual pattern of 
increase in cardiac enzyme activity. In 55 patients, 
an adequate estimate of left ventricular ejection frac- 
tion was obtained by contrast or radionuclide angio- 
graphy or cross sectional echocardiography. Forty 
one patients underwent coronary arteriography. 

All patients were followed up either by telephone 
interview or by direct examination. 


PATIENTS WITHOUT CLINICALLY 

SIGNIFICANT CORONARY ARTERY DISEASE 
(GROUP 1) 

Thirty patients did not have clinically significant 
coronary artery disease, as shown by angio- 
graphically normal vessels or haemodynamically 
insignificant disease at coronary arteriography (18 
patients), a normal maximal treadmill stress test (3 
patients), and absence of historical and electro- 
cardiographic evidence of myocardial ischaemia 
(nine patients). In this last group of nine patients, 
four were female and three were male who were less 
than 35 years old (mean, 24 years). The two other 
patients were men aged 58 and 73; one had the 
Wolff-Parkinson-White syndrome and the other had 
clinical features of an idiopathic dilated cardio- 
myopathy. Table 1 gives the clinical details. In two 
of the seven patients without overt clinical heart dis- 
ease, endomyocardial biopsy (right ventricle) 
showed mild non-specific focal changes of fibrosis 
without inflammation, the importance of which is 
uncertain.? All seven had normal exercise tolerance, 
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12 lead electrocardiograms, and left ventricular ejec- 
tion fractions. 


PATIENTS WITH CORONARY ARTERY DISEASE 
(GROUP 2) 

Twenty nine patients had clinical evidence of 
important coronary artery disease. Criteria for the 
diagnosis of coronary artery disease included the fol- 
lowing: (a) important coronary artery disease 
(2709, reduction in coronary arterial luminal 
diameter) at coronary arteriography (23 patients); 
(b) previous history of myocardial infarction (five 
patients); and (c) history of typical exertional angina 
pectoris (one patient). 


ELECTROPHYSIOLOGICAL STUDY 
Electrophysiological study was performed within 
eight weeks of the arrest in 49 patients and between 
four and 28 months in 10 patients. No patient stud- 
ied four months or more after cardiac arrest had a 
recurrence between the time of the arrest and the 
initial study; some were treated empirically with 
antiarrhythmic agents. All patients gave informed 
consent and were studied in the postabsorptive, 
non-sedated state. All but three had stopped anti- 
arrhythmic drug treatment for at least five half lives 
before study; the three patients who were on drugs 
had had recurrent spontaneous arrhythmias since 
their cardiac arrest that subsequently were appar- 
ently controlled by antiarrhythmic medication. Car- 
diac glycosides were continued in therapeutic doses 
if clinically indicated. Serum potassium concen- 
tration was normal in all patients at the time of 
study. 

One to four standard 7F multielectrode catheter 
electrodes were inserted percutaneously via the fem- 
oral veins or right internal jugular vein and posi- 
tioned in the right ventricular apex (all patients) 
and, as clinically indicated, in the high right atrrum, 
His bundle area, and coronary sinus. The pacing 
protocol used during the electrophysiological study 
evolved over time. Ventricular stimulation was per- 
formed with a Medtronic 5325 stimulator capable of 
delivering one or two extrastimuli (the first 29 
patients) or a Medtronic 2332 stimulator capable of 
delivering multiple extrastimuli (the last 30 patients) 
at twice diastolic threshold with a pulse width of 
1-9 ms. 

Extrastimuli were introduced during sinus 
rhythm and during two paced rhythms (usually 100 
and 150 beats/min), starting with a single stimulus 
that was used to scan diastole in 20 ms steps until the 
ventricular effective refractory period was reached. 
The first stimulus was then advanced by 30 ms and a 
second stimulus scanned diastole until refractoriness 
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Table 1 Clinical details, results of electrophysiological study, treatment, and follow up in patients without coronary artery disease 











Treatment 
predicted 
Cardiac Age (yr) LVEF Stimulation Arrkythma to be Follow up 
Patent dhagnoss and sex (%) protocol induced successful (months) Treatment 
` 
1 CM 23, F 42 P, Iso Sust VT — 32 Tocainide, 
mexilenne 
2 CM 28,M 24 T VF — 20 Amuodarone 
3 CM 39, F 27 P Sust VT + 63 "Tocainide 
4 CM 5LE 21 P Sust VT + 21 Mexletme 
5 CM 55, F 30 P -— — 27 Procamamide 
6 CM 56, F 24 T, Iso — — 5 Amiodarone 
7 CM 56,M 11 T — — 8 Quinidine 
8 CM 63, M 40 P Sust VT + 32 Procamamide 
9 CM 68, F 39 T, Iso NSVT - 5 Procamamide 
10 CM 73, F 40 T, Iso = - Mexileune 
11 VHD 34,M 28 T — — 2 (SD) Quinidine 
12 VHD 38,M 62 T, Iso — — B blocker 
13 VHD 53,F 50 T, Iso - — 3 Amiodarone 
14 VHD 56, M 40 P NSVT + 27 Mexienne 
15 VHD 63,M 43 P NSVT T 59 Quinidine, 
mexiletine 
16 VHD 65, F 27 P NSVT - 11 (SD) Amiodarone 
47 HTHD 52, M 4l P — — blocker 
18 HTHD 64,M 55 P Sust VT — 31 isopyramide, 
ne 
19 CHD 5M — P - — 31 VSD closed 
20 CHD 24, M 49 P Sust VT t 32 Quinidine 
21 MVP 22,F 69 P, Iso - — 35 B blocker 
22* Lymphocytic 34,M 60 P - - 49 B blocker, 
myocarditis prednisone 
23 58, M - T, Iso - — 12 Pacemaker 
removed, 
WPW sur; 
24 NCHD 17,M 59 P, Iso - - 37 B blocker 
25 NCHD 23, F T, Iso — — 21 Quinidine, 
B blocker 
26* NCHD 26,F 55 T, Iso - - 19 (VT) Mexileune, 
amiodarone 
27 NCHD 34, F 62 P — — 35 B blocker 
28 NCHD 61,F 57 P, Iso — - 40 
29* NCHD 64,M 50 NSVT + 14 B blocker, 
procainamide 
30 NCHD 69, F 72 T, Iso - - 1 B blocker 
20 Amuodarone 
* Abnormal endomyocardial biop 


en. 
ECHD, congenital heart disease, CM, cardiomy: 
WYP, mitral valve prolapse, NCHD, no overt 


olff-Parkinson-White syndrome, 


was reached. The third stimulus was introduced in a 
similar fashion. 

Incremental ventricular pacing for five beats to 
2:1 capture or a paced cycle length of 200 ms was 
then performed. If no arrhythmia was induced at the 
right ventricular apex, the catheter electrode was 
repositioned in the right ventricular outflow tract 
and the stimulation protocol was repeated. In 19 
patients (five in group 1 and 14 in group 2) in whom 
the above protocol did not induce an arrhythmia, 
programmed stimulation was repeated during the 
intravenous infusion of isoprenaline (0-05 mg/kg per 
mun) or stimulation of the left ventricle or both. 


DEFINITIONS 
Inducible ventricular arrhythmia, more than five 


y; HTHD, hypertensive heart disease; Iso, soprenaline, LVEF, left ventricular ejection fraction, 
ical heart disease, NSVT, non-sustamed ventricular tachycardia; P, double extrastimuli; SD, sudden 
death; Sust ME EIE ventricular tachycardia; T, triple extrastimull; VF, ventricular fibrillanon; VHD, valvar heart disease, VSD, ventricular septal 
defect; WPW, 


beats of ventricular tachycardia or ventricular 
fibrillation. 

Sustained ventricular tachycardia, arrhythmia 
continuing for >30s or an intervention (pacing, 
direct current countershock) was required because 
of haemodynamic deterioration. 

Non-sustained ventricular tachycardia, arrhythmia 
continuing for more than five beats but for «30s 
and without associated haemodynamic deterioration 
requiring intervention. 

Successful antiarrhythmic drug treatment, no more 
than four return ventricular beats during repeated 
programmed ventricular stimulation. 

Sudden death, death within an hour of the onset of 
symptoms in a patient free of haemodynamic col- 
lapse or myocardial infarction in the preceding 24 
hours. 
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TREATMENT 

Patients who had inducible ventricular arrhythmias 
underwent serial electropharmacological study to 
define an effective treatment regimen. If an effective 
antiarrhythmic drug or drug combination was 
found, the patient was discharged on that regimen. 
If an effective drug was not found, the patient was 
given antiarrhythmic drugs that had either increased 
the difficulty of induction of arrhythmia at electro- 
physiological study or decreased the frequency and 
severity of spontaneously occurring arrhythmias 
during prolonged ambulatory monitoring. The cri- 
teria for the latter varied among individual physi- 
cians. 

Patients in whom an arrhythmia was not inducible 
at electrophysiological study were treated according 
to the individual physician’s preference. 

Eight patients had cardiac operations after evalu- 
ation: coronary artery bypass surgery and map- 
directed endocardial resection in three, coronary 
bypass surgery alone in three, coronary artery 
bypass surgery and valve replacement in one, and 
closure of a ventricular septal defect in one. 


STATISTICAL ANALYSIS 

Results are expressed as mean (SD). We used logis- 
tic regression to assess the possible association of 
clinical and electrophysiological study variables and 
the presence or absence of coronary artery disease. 
Association of the selected variables with time to 
recurrence or sudden death was evaluated by Cox 
regression. The-assumption of proportional hazards 
was graphically checkéd for each covariate; this sug- 


Arrhythmia induced 
(12 patients (40%)) 
Z/N 
7 N 


N 
EPS unsuccessful 
(5 patients) 
| 


EPS successful 
(7 patients) 


| 
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No recurrence 1SCD 


Amiodarone 
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gested departures from this assumption for a few 
covariates. 

We then used a stepwise Cox stratified analysis 
with presence/absence of one or more previous myo- 
cardial infarctions as the stratification factor. Within 
these two strata, no other covariates showed any dis- 
tinctive departures from the proportional hazards 
assumption. The same approach was used for overall 
survival, although here the New York Heart Associ- 
ation functional classification appeared to have a 
non-proportional hazards structure. After 
stratification on this covariate (using two strata: 
functional class 0 or I vs class II, IIT, or IV), a step- 
wise Cox stratified analysis was then applied to eval- 
uate the possible association of the other covariates 
with overall survival. 


Results 


PATIENTS WITHOUT CORONARY ARTERY 
DISEASE (GROUP 1) 

Table 1 gives the clinical, angiographic, and electro- 
physiological features of the 30 patients in group 1. 


Electrophysiological study and follow up 

An arrhythmia was induced in 12 of the 30 patients 
in group 1 (4095); this was sustained ventricular 
tachycardia or ventricular fibrillation in seven (fig 1). 
In seven patients successful pharmacological treat- 
ment was predicted from the electrophysiological 
study; none of these died during follow up. In five 
patients with an inducible arrhythmia, an effective 


Arrhythmia not inducible 
(1& patients (6096)) 
(7 without clinical heart disease) 


, Amiodarone (4 patients) 
' B blocking agents alone 
(6 patients) 
Other antiarrhythmic drugs 
(B patients) 
No treatment (1 patient) 
Pacemaker removal and 
WPW surgery (1 patlent) 
VSD closure (1 patient) 


Figl Results of electrophystological study (EPS), treatment, and follow up in 30 patients without 
-coronary artery disease (group 1). SCD, sudden cardiac death; VT, ventricular tachycardia; WPW, 


Wolff-Parkinson-White syndrome. 
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antiarrhythmic drug could not be identified by elec- 
trophysiological study; one patient died suddenly 
during follow up. An arrhythmia could not be 
induced in 18 patients; 15 were treated with anti- 
arrhythmic drugs prescribed according to physician 
preference, a malfunctioning pacemaker was 
removed from one, a ventricular septal defect was 
closed in one, and one received no treatment. One 
patient died suddenly during follow up, and ventric- 
ular tachycardia recurred in one patient. 


PATIENTS WITH CORONARY ARTERY DISEASE 
(GROUP 2) 

Table 2 summarises the clinical, angiographic, and 
electrophysiological features of the 29 patients in 
group 2. 


Electrophysiological study and follow up 

A ventricular arrhythmia was induced in 20 patients 
(69%), with sustained ventricular tachycardia or 
ventricular fibrillation being induced in 16 (fig 2). 
Successful pharmacological treatment was predicted 
on the basis of the electrophysiological study in 
seven (35%); two subsequently died in heart failure 
and one died suddenly (mean follow up 27 months). 
Thirteen patients continued to have inducible 
arrhythmias despite treatment; four (31%) died sud- 
denly or had recurrent ventricular arrhythmias 
(mean follow up 15 months) and two died of pump 
failure before discharge. In nine patients, ventricu- 


Arrhythmia induced 
(20 patients(69%)) 
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Table2 Clinical, angiographic, and electrophysiological 
variables in 29 patients with coronary artery disease 











Patients 

Variable No % 
Angina class III or IV 3 10 
Previous myocardial infarction 23 79 
Aneurysm, left ventricle 13 48* 
Vessels diseased: 

1 6 26 

2 7 3 

3 or LMCA 10 44t 
Arrhythmia mducible- 

None 9 31 

NSVT 4 14 

Sust VT/VF 16 55 
Arrhythmia not inducible after 

drug treatment 7 24 
*Percen: 


tachycardia; VF, ventricular fibrillation. 

lar arrhythmias could not be induced; four of these 
had coronary artery bypass surgery. Four (4495) of 
the nine patients died suddenly or had recurrent 
ventricular arrhythmias (one had had coronary 
artery bypass surgery), and two died of pump failure 
(one after coronary bypass surgery); the mean follow 
up was 20 months. 


COMPARISON OF PATIENTS IN GROUPS 1 
AND 2 


Table 3 compares the clinical and electro- 


Arrhythmia not inducible 


(9 patients (3196)) 


CABG (4 patients) 


Drug treatment 
( 5 patients) 


t 
2 deaths (SCD, 1 patient) 
pump failure, 1 patient 


}—. Amiodarone (7 patients) 
I CABG (3 patients) 

| 

l 


2 deaths before end of follow up 


(pump failure) 
4 SCD or recurrence 





3 SCD or recurrence 
1 pump failure 


Fig 2 Results of electrophysiological study (EPS), treatment, and follow up m 29 patients with 
coronary artery disease (group 2). CABG, coronary artery bypass grafting; SCD, sudden cardiac 


death, 
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Table3 Chnical observation and results of 
. electrophysiological study in patients with or without 
coronary artery disease 





Without With Ursrvariate 
CAD CAD L 
Variable (group 1) (group 2) (1af) 
Clinical: 
Patients (No) 0 
Mean (SD) age (yr) 45(19) 59 (11) 79% 
ex (% 7 6 5:31 
Smoking (9$ never) 57 35 12 
ion (96) 10 52 12:1* 
Heart failure (%) 30 4l «1 
Cardiomegaly (%) 37 59 29 
LV aneurysm (% 0 34 12:5* 
E; fraction: 
Mean (SD) (%) 45(16)  32(7) 73* 
No « 35% 8 17 
With previous MI (No) 0 23 39 0* 
Electrophysiological: 
Use of triple 
extrastimuli (No (95)) 13 (43) 17 (59) 
LV stimulation or 14 
isoprenaline (No (%)) 14 (47) 5(17) 
Inducible arrh 
o (%)) 12 (40) 20 (69) 62t 
ustained (No 7 16 
Non-sustai (No) 5 4 
Other EPS 
(No (%)) 12 (40) 18 (62) 29 
time 
arrest to EPS (days) 18 18 
(25th-75th 
(days) (10, 61) (9, 36) 15 
success 
Dars o6 





CAD, -coronary artery disease; EPS, electrophysiological study; 

LV, left ventricular; MI, myocardial infarction; NS, not significant. 
,. *Association with presence/absence of CAD (p < 0- 01). 

tAssociation with presence/absence of CAD (p < 0 05). 


physiological variables in patients with and without 
coronary artery disease. The patients without coro- 
nary artery disease were younger, were more evenly 
distributed between the sexes, and had a lower fre- 
quency for hypertension. Logistic regression analy- 
sis indicated that previous myocardial infarction and 
hypertension were the features most strongly associ- 
ated with coronary artery disease. No other variables 
were independently associated with coronary artery 
disease. The frequencies of clinically apparent heart 
failure and radiologically apparent cardiomegaly 
were similar in both groups, but left ventricular 
ejection fraction was lower in patients with coronary 
artery disease. There were no differences in stimu- 
lation protocols between groups, but more patients 
without coronary artery disease had left ventricular 
stimulation or isoprenaline infusion as part of the 
protocol. This probably reflects the greater ease of 
induction of arrhythmia by standard stimulation 
protocols in patients with coronary artery disease. 
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Median follow up was 13-9 months in the patients 
with coronary artery disease and 31:2 months in 
those without coronary artery disease. 

In seven patients without coronary artery disease 
and seven with coronary artery disease, effective 
treatment was identified by electrophysiological 
study. During follow up of these patients, none 
without coronary artery disease died or had recur- 
rence of arrhythmia, but there were four deaths or 
recurrences in the seven patients with coronary 
artery disease (pump failure in two). 

Amiodarone was given to 14 patients (seven with- 
out and seven with coronary artery disease). During 
follow up, two patients died suddenly and one had a 
recurrence (total recurrence rate 21%). 


SURVIVAL 
Figure 3 shows the estimated survival (Kaplan- 
Meier) for patients with and without coronary artery 
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Fig3 Cumulative survival of patients stratified according 
to the presence or absence of clinically significant coronary 
artery disease. (a) Including all causes of death; (b) survival 
without sucden cardiac death or recurrence of life threatemng 
ventricular arrhythmia. EP, electrophysiological. 
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disease. In group 1, one patient had a recurrence of 
arrhythmia and survived and two died suddenly. In 
only one of these three patients was arrhythmia 
inducible at electrophysiological study (patient 16); 
however, electrophysiological study did not identify 
successful drug treatment. In group 2, there were 
nine sudden cardiac deaths or recurrences of a life 
threatening arrhythmia. Six patients in group 2 died 
of myocardial pump failure and three of them had 
recurrent ventricular tachycardia before death. 
Thus the total cardiac mortality rate of patients was 
7% in group 1 and 41% in group 2. If all cardiac 
deaths and recurrences of life threatening arrhyth- 
mias are included, 10% of those in group 1 died or 
had a recurrence compared with 52% in group 2. 


ANALYSIS BY THE COX MODEL 

For analyses by the Cox model the presence or 
absence of previous myocardial infarction was used 
as a stratifying factor when the end point was recur- 
rence or sudden cardiac death and New York Heart 
Association functional class was used when overall 
survival was the end point. Univariate analysis of 
time to recurrence or sudden death showed statistically 
significant associations with only previous myo- 
cardial infarction, left ventricular aneurysm, coro- 
nary artery disease, and ejection fraction. When 
previous myocardial infarction was used as a 
stratification factor there was no significant associ- 
ation with other variables. The analysis of overall 
survival indicated that only previous myocardial 
infarction, coronary artery disease, functional class, 
and cardiomegaly were univariately associated with 
survival. The analysis stratified by functional class 
showed an association with previous myocardial 
infarction, but when this too was used as a strati- 
fying factor no other factors showed a significant 
association. 


Discussion 


We have shown that patients who survive a cardiac 
arrest unassociated with an acute myocardial 
infarction and who do not have underlying coronary 
artery disease have lower rates of cardiac mortality 
and arrhythmia recurrence than do similar patients 
who have documented coronary artery disease (10% 
vs 52%); however, this lower mortality is not statis- 
tically significant after adjustment for a history of 
previous myocardial infarction. The strong associ- 
ation between previous myocardial infarction and 
sudden cardiac death in patients with coronary 
artery disease is expected and is entirely consonant 
with pathological and epidemiological data. There 
were no clinical or haemodynamic predictors of 
death or recurrence of arrhythmia in the group with- 
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out coronary artery disease. Of the three patients 
who had recurrences, two had valvar heart disease 
(one in New York Heart Association functional class 
II and one in class III; left ventricular ejection frac- 
tions were 27% and 28%, respectively). There were 
five other patients in the group with similar or lower 
ejection fractions who remained event free. 

Follow up information on survivors of out-of- 
hospital cardiac arrest who specifically did not have 
overt coronary artery disease is available only in one 
previous study.* In that study, 13 of 33 patients with 
a spontaneous cardiac arrest caused by ventricular 
fibrillation or ventricular tachycardia did not have 
coronary artery disease. During a mean follow up of 
survivors for 29 months, five patients (three with 
primary electrical heart disease and two with cardio- 
myopathy) died suddenly or had a recurrence, giv- 
ing a cardiac mortality and recurrence rate of 38%. 
In the present series the rate was 10%. Details of left 
ventricular function and the success of electro- 
physiological study in the patients without coronary 
artery disease were not given. The reasons for the 
difference in mortality and recurrence rate between 
this study and ours are not apparent, but it may 
reflect differences in sample size, composition, and 
treatment. Most importantly, the difference may 
reflect selection bias, perhaps related to variations in 
hospital referral practices. 

'The frequency with which ventricular arrhyth- 
mias can be induced in patients without coronary 
artery disease was significantly lower than that in 
patients with coronary artery disease (40% vs 69%); 
again, these differences are not significant when 
adjusted for a history of previous myocardial 
infarction. Skale et al recently reported the results of 
electrophysiological study in 62 survivors of out-of- 
hospital cardiac arrest; of these, 35% had coronary 
artery disease. As in our series, the inducibility rate 
was higher in those with coronary artery disease 
(85% vs 60%). Skale et al, however, did not present 
a follow up categorised according to the presence or 
absence of coronary artery disease. 

The overall mortality (including sudden and non- 
sudden deaths) and recurrence for our total group of 
patients was 31%, which resembles the 13-39% 
reported in previous studies.4~° The striking fea- 
ture of the present study is the poor outcome in 
patients with coronary artery disease; 15 (52%) of 29 
patients with coronary artery disease died or had 
recurrent arrhythmias. Myocardial pump failure 
was the cause of 40% of the deaths and, given the 
overall poor left ventricular function in this group 
(mean left ventricular ejection fraction 32%), the 
presence of severe myocardial damage before the 
cardiac arrest is the most likely explanation for this 
observation... 
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Studies of outcome in patients who have survived 
an out-of-hospital cardiac arrest demonstrated an 
overall mortality and recurrence rate of 32% at one 
year and 47% at two years.! A significant proportion 
(27%) of these deaths were not sudden but were 
caused by myocardial pump failure. Studies suggest 
that treatment guided by electrophysiological study 
reduces overall mortality and recurrence rates, but 
still a significant number of patients died despite this 
procedure being followed.*~° Indeed, it would be 
unrealistic to think that electrophysiological study 
alone in these patients, many of whom have multi- 
vessel coronary artery disease or severely compro- 
mised left ventricular function, could define optimal 
treatment for all*5!? The electrophysiological 
study may not reproduce transient dynamic 
events—for example, ischaemia or an electrolyte 
disturbance—that may have precipitated the initial 
cardiac arrest.!!^!? Clearly, other forms of treat- 
ment must be explored in these high risk patients. 


LIMITATIONS 

Like similar previous studies, the present one is ret- 
rospective and lacks controls. Therefore, our con- 
clusions must be tentative. Furthermore, although it 
seems logical to compare the subgroup with coro- 
nary artery disease with the subgroup without, the 
influence of selection bias on comparisons of these 
groups and the various aetiologies within the group 
without coronary artery disease cannot be deter- 
mined. Programmed ventricular stimulation was not 
performed in all patients in the present study after 
the start of “empiric” antiarrhythmic treatment. 
This usually occurred in the setting of a negative, 
electrophysiological study at baseline and the per- 
ceived need of the attending physician to offer some 
treatment to a patient who had suffered a cardiac 
arrest. Thus an arrhythmogenic effect may have 
been missed in some patients. Nor was programmed 
ventricular stimulation performed in patients on 
amiodarone. The recent information!* +5 that sug- 
gests that programmed ventricular stimulation in 
patients on amiodarone treatment is valuable was 
not available during this study. Finally, the auto- 
matic implantable defibrillator was not available to 
us during the early part of this study; undoubtedly, 
this device would now be used and may have 
improved the survival of patients after an out-of- 
hospital cardiac arrest in whom inducible arrhyth- 
mias were not responsive to antiarrhythmic drug 
treatment and who were not suitable candidates for: 
electrosurgery. 


CONCLUSIONS 
Among patients who suffer an out-of-hospital car- 
diac arrest without an associated acute myocardial 
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infarction those without coronary artery disease 
seem to have a better prognosis than those who have 
coronary artery disease. The usefulness of electro- 
physiological testing in these patients is limited by 
the low rate of-arrhythmia inducibility and the small, 
number of patients who respond to specific anti- 
arrhythmic treatment. Those patients who 
responded to specific drug treatment, however, did 
well during the 23 month follow up. Electro- 
physiological studies therefore seem to be useful in 
identifying a small number of patients who have an 
excellent long term prognosis. This emphasises the 
fact that patients who survive an out-of-hospital car- 
diac arrest unassociated with an acute myocardial 
infarction should be comprehensively investigated 
to define the presence, nature, and severity of the 
underlying heart disease and that electro- 
physiological testing has a limited but, none the less, 
useful role in defining treatment and prognosis. 


This study was supported in part by a grant from the 
Institute of Cardiovascular Research, Brisbane, 
Australia. 
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Impaired vagal heart rate control in coronary artery 
disease 


K E JUHANI AIRAKSINEN, MARKKU J IKAHEIMO, 
MARKKU K LINNALUOTO, MATTI NIEMELÄ, JUHA T TAKKUNEN 


From the Cardiovascular Division, Department of Medicine, Oulu University Central Hospital, Finland 


SUMMARY Heart rate variation in deep breathing, a sensitive non-invasive measure of cardiac 
parasympathetic activity, was measured in 63 patients with coronary artery disease, in 22 patients 
with atypical chest pain, and in 20 healthy symptom free volunteers. There was significantly less 
heart rate variation in deep breathing in the patients with coronary artery disease than in the 
healthy subjects. Twenty patients (32%) with coronary artery disease had lower than normal 
variation in heart rate. The patients with chest pain showed an intermediate heart rate response 
to deep breathing. Sinus arrhythmia in the patients with coronary artery disease was not related 
to the functional class, medication, number or location of narrowed vessels, or to the left ventric- 
ular ejection fraction, and end diastolic pressure. 


These results suggest that impairment of the parasympathetic nervous function is common in 


coronary artery disease. 


The harmful effects of increased sympathetic activ- 
ity after myocardial infarction are well established 
and the beneficial effects of sympathetic blockade in 
reducing mortality in high-risk patients have been 
recognised.!^? Recently, attention has also been 
directed toward the electrophysiological effects of 
the parasympathetic nervous system. Reduced vagal 
activity is associated with an increased frequency of 
cardiac death,* $ and parasympathetic blockade 
may precipitate ventricular arrhythmias including 
ventricular fibrillation." ? 

'The majority of patients with acute myocardial 
infarction show evidence of autonomic disturbances 
during the acute stage of the attack.? !? The sug- 
gestion that there is dysfunction of the parasym- 
pathetic nervous system in stable coronary artery 
disease!!!? and after myocardial infarction’? !* is, 
however, more controversial and based on relatively 
small series of patients. We have evaluated parasym- 
pathetic nervous function in coronary artery disease 
by standard non-invasive cardiovascular tests and 
have related our findings to the clinical and angio- 
graphic features of coronary artery disease. 
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Hospital, SF-90220 Oulu, Finland 
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Patients and methods 


PATIENTS 

We studied 63 patients (57 men, six women) with 
coronary artery disease. They were consecutive 
patients referred for elective cardiac catheterisation 
in our hospital and fulfilled the following inclusion 
criteria: age <60 years; no valvar heart disease, 
hypertension, manifest heart failure, or atrial 
fibrillation; not on antiarrhythmic medication or 
other medication known to have anticholinergic 
activity; and no diabetes mellitus or uraemia. 

The mean age of the patients was 50 years (range 
33-59) and 36 patients had had a myocardial 
infarction (eight anterior, 15 inferior, and 13 non-Q 
wave). None was in the acute stage of the attack. 
Seven patients were in New York Heart Association 
class IV, 36 patients in class III, and 20 patients in 
class II. Their medication included f blockers in 42 
cases (67%), calcium antagonists in 29 cases (46%), 
nitrates in 47 cases (75%), digitalis in 11 cases 
(18%), and diuretics in nine cases (14%). 

The control group of 20 healthy subjects (10 men, 
10 women) of the same age group (mean age 46, 
range 36—55 years) was recruited among the employ- 
ees of a nearby pulp mill and among hospital staff. 
None was taking any medication known to affect 
autonomic nervous function. They were healthy as 
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shown by history, physical examination, chest x 
rays, echocardiogram, and exercise electro- 
cardiogram. 

A group of 22 patients (10 men, 12 women) with 
atypical chest pain was also assessed to evaluate the 
potential effects of long term anuanginal medication 
and reduced physical activity on the autonomic con- 
trol of heart rate. They were consecutive patients 
catheterised because of disabling symptoms and 
fulfilling the inclusion criteria. Their mean age was 
47 years (range 35—59 years) and all had normal elec- 
trocardiograms, chest x rays, echocardiograms, left 
ventricular cineangiograms, and coronary angio- 
grams. Their medication included f blockers and 
nitrates in 14 cases (6495), calcium antagonists in 10 
cases (45%), diuretics in three cases (13%), and dig- 
italis in one case (5%). Informed consent was 
obtained from all the subjects. 


CARDIAC CATHETERISATION 

All patients underwent left-sided cardiac cath- 
eterisation, including selective coronary arte- 
riography performed by the Judkins’ technique. 
Biplane left ventricular cineangiography was per- 
formed in the 45° right anterior oblique position. 
The angiographic findings were interpreted by two 
independent observers who were unaware of the 
tests of the autonomic nervous function. A stenosis 
causing reduction of >50% in the luminal diameter 
of a coronary artery was regarded as an important 
lesion. Left ventricular pressures were recorded 
with a Statham 235Ia transducer, and a data acquisi- 
tion system (Hewlett-Packard 5400B) was used for 
analysis of pressure. 


TESTS OF AUTONOMIC NERVOUS FUNCTION 
The tests of autonomic nervous function were per- 
formed by specially trained nurses in the cardio- 
vascular laboratory on patients in a postabsorptive 
state during the morning of the day before cardiac 
catheterisation. The patients were on their regular 
medication. Smoking and coffee drinking were not 
allowed in the morning before the tests. The heart 
rate was recorded with an instantaneous beat to beat 
tate recorder (Hewlett-Packard 8812 A rate com- 
puter). After a demonstration of the procedures and 
10 minutes of supine rest the patients were asked to 
take six deep breaths. The depth of respiration is not 
critical as long as it is more than 40% of the vital 
capacity, but the rate of breathing is important and 
was standardised at six per minute.'*'® The 
difference between the maximum and mmimum 
heart rate during each breath was measured and the 
mean was taken as the heart rate variation during 
deep breathing (fig 1). 

About 1-2 minutes after forced breathing the 


Deep breathing 


100 Deep breathing 


Heart rate 
eo 
e 


{min 


40 


Figl Normal heart rate variation during deep breathing in 
a healthy subject (above) and a blunted heart rate variation 
in a patient with coronary artery disease (below). 


patients stood up quickly. The shortest RR interval 
at around the fifteenth beat after standing and the 
longest RR interval at around the thirtieth beat after 
standing were measured to sbow the response of the 
heart rate to standing (the 30:15 ratio).!® Generally 
accepted normal values were used to evaluate these 
tests. Ó 

Supine heart rate was determined as the mean rate 
over a 30s period before standing up. The mean 
heart rate of the last 30s during the two minutes' 
standing was taken as the standing heart rate. Blood 
pressure was measured with a sphygmomanometer 
while the patient was lying down and after 30—60 s of 
standing. 

'The reproducibility of the tests was assessed by 
examining 11 subjects (three with coronary artery 
disease) twice at an interval of at least two days. The 
mean (SD) difference in heart rate variation during 
deep breathing between test 1 and test 2 was 0 (4) 
(SD) beats/min (NS). The corresponding difference 
in the 30:15 ratio was +0 05 (0-19) (NS). 

To assess ventricular parasympathenc reflexes," 
we measured the degree of bradycardia induced by 
coronary arteriography—that 1s the shortest RR 
interval at the beginning of each coronary injection 
and the longest RR interval at around the end of 
each injection—and the induced maximum length- 
ening was expressed as a percentage. Only cases in 
which Urografin 76 was used as the contrast medium 
and who received no atropine as premedication were 
included in the analysis. 

To assess the effects of cardiovascular medication 
on the tests of autonomic nervous function the drugs 
were gradually withdrawn at least two days (digitalis 
one week) before the tests in.12 patients with stable 
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Table 1 Heart rate and blood pressure changes evoked by standing up and the catheterisation data in the study groups (mean 
(SD)) 








CAD patients Controls ` Patients with 

Vanable (n = 63) (n m 20) chest pain (n : 22) 
Heart rate, supine (beats/mm) 67 (12) 69(11 Qu 
Heart rate, standing (beats/mm) 82(14) 83(1 93 (14 
The 30°15 ratio 1-21 (0-15) 1 27 (%21) 1-24 (0 13) 
Blood pressure, supine (mm Hg) 

Systolic 130 (18) 126 (14) 128(1 

Diastolic 82 (10) 82(11) 80(13 
Blood pressure, standing (rnm Hg). 

Systolic 122(17) 121 qe 118(1 

Diastolic ' 851) 80(14 .B5(12 
LV end diastolic pressure (mm Hg) 12 9 (5-0) — 147 (6 0) 
LV end diastolic volume (ml)* 160 G4 — 126 (28) 
LV ejecuon fracnon (%)* 59(10)$ — 70 (7) 
RR interval change ın response to coronary arteriography (%)t 66 (67) — 50(42) 


CAD, coronary artery disease, LV, left ventricular. *Data on 35 patients with CAD and 12 patients with chest pain. f Data on 35 patients 
with CAD and nine with chest pain. Difference o; patients with chest pain f p < 005, $p < 001. 


coronary artery disease and the tests were repeated The nuriber or location of affected vessels: did not 
one day after the treatment was resumed (f blockers significantly affect the variation in heart rate during 
in nine patients, nitrates in nine patients, calcium deep breathing. Nor was the variation related -to 
antagonists in seven patients, and digitalis in four New York Heart Association class, left ventricular 


patients). ejection fraction, or end diastolic:pressure in the 
patients with coronary artery disease. The medica- 
STATISTICAL ANALYSIS tion taken by patients with abnormal heart rate vari- 


Differences between the three groups were evalu- 
ated by analysis of variance followed by the Bon- 


ferroni modification of t test. A paired or unpaired t 1— p «0-05 — 
test was used when appropriate and Fisher's test was 40 9 
used to evaluate the differences in frequencies. Stan- is 9 
dard formulas were used to calculate the linear cor- 
relations. 
o 

Results n 30 . G 
CATHETERISATION DATA 9 e D 
Table 1 shows the catheterisation data in the 3 o 
patients. Five (895) of the patients with coronary A O8 9 
artery disease had an important stenosis of left main ao o oo 
coronary artery; 34 patients (54%) had three vessel $ 20 o —À— ooo 
disease, 11 (1795) two vessel disease, and 13 (20%) g ous o o 
one vessel disease. v e000 o —00— 

B oo 200 800 
PARASYMPATHETIC NERVOUS FUNCTION bor - ico S 00 
There was less variation in heart rate during deep E 10 — "ROGO" ———-—8----—------— 
breathing in patients with coronary artery disease on oo 
than in healthy subjects (difference between means : soob 9 
5, 95% confidence interval one to 10 beats/min), but = 
not in patients with chest-pain (fig2). In the sub- 
group analysis of the patients, 40% of those with 0 
local akinesia or dyskinesia, 2695 of the remaining CAD Controls Chest pain 


patients with coronary artery disease, and 18% of 

the patients with chest pain had abnormal (X10 pig? Heart rate variation m deep breathing m patients 
beats/min) heart rate variation in deep breathing. with coronary disease (CAD), healthy subjects, and patients 
One healthy subject also had a heart rate variation with chest pain. Patients with transmural myocardial 

just below the lower limit of normal (fig 2). infarction ( ). Broken line shows lower limit of normal. 
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Table 2 Clinical and catheterisation data on patients with coronary artery disease tho had normal or abnormal heart rate 


variation during deep breathing (mean (SD) ) 








Normal heart rate Abnormal heart rate 
Vanable variation (n = 43) variation (n = 20) 
Age 50(6) 51(5) 
Mean NYHA class 28 29 
Treatment: 
B Blockers 29(67%) p 
Calcium antagonists 23 (53%) 630% 
Nitrates 30 in ptu 
Digntalis 9(21% 2(10%) 
Diuretics . 810%) 1(5%) 
Heart rate, supine (beats/min) 67 (10) 66(16) 
Heart rate, standing (beats/min) 83(12) 79 (17) 
The 30 15 rano 123(016) 115(011)* 
Blood pressure, supine (mm Hg). 
Systolic 131(20) 126 (13) 
Diastolic 82(10) 81(10) 
Blood pressure, standing (mm Hg). 
Systolic 126 (17) 115(17)* 
Diastolic 86 (10) 83(12) 
Location of coronary stenosis. 
Left main coronary artery 4(9%) 1(5%) 
Left anterior descending branch 38 (88%) 19(95%) 
Circumflex branch 32 HA 13 (65%) 
Right coronary artery 32(74% 13 (65%) 
LV end diastolic pressure (mm Hg) 12 8(5 9) 13 3(5 3) 
LV end diastolic volume (ml) 158 (37) 166 (26) 
LV ejection fraction (%) 60 (10) 57 (11) 
RR interval change in response to coronary arteriography (%) 71 (72) 53 (48) 


NYHA, New York Heart Association; LV, left ventricular Difference between the groups: *p < 0 05 


ation did not differ significantly from that of the 
patients with normal heart rate variation (table 2) or 
of the patients with chest pain. Heart rate variation 
in deep breathing was not significantly related to age 
in the patients with coronary artery disease (r = 
—0-05), but tended to diminish with age in the other 
subjects (r = —0:29,n = 42). 

Changes in heart rate evoked by standing up (the 
30:15 ratio) as well as supine and standing blood 
pressure were not significantly different in the three 
groups (table 1). In the subgroup analysis of patients 
with coronary artery disease, the standing systolic 
blood pressure and the 30:15 ratio of the patients 
with abnormal heart rate variation were, however, 
lower than those in the patients with normal heart 
rate variation (p < 0 05) (table 2). 

The mean (SD) heart rate variation in deep 
breathing was similar after withdrawal and 
reinstitution of the cardiovascular medication 
(13-8(7 4) and 11-6(7-1) beats/min, respectively, 
NS) in the 12 patients in which it is evaluated. 

The bradycardia caused by coronary arterio- 
graphy was not significantly different in patients 
with coronary artery disease and those with chest 
pain. 


Discussion 


The variation in heart rate induced by deep breath- 
ing 1s the single most sensitive and reproducible 


non-invasive test of cardiac parasympathetic activ- 
ity.!8 1° It correlates closely with invasive mea- 
surement of parasympathetic heart rate control—for 
example, baroreflex sensitivity.!? Several phys- 
iological mechanisms contribute to respiratory sinus 
arrhythmia. These include both reflex mechanisms 
(pulmonary stretch receptors,  baroreceptors, 
Bainbridge reflex) and the direct interaction of the 
respiratory and cardiovascular medullary centres.?? 
The fact that vagotomy and atropine abolish respira- 
tory sinus arrhythmia and that recorded vagal 
efferent activity closely predicts the magnitude of 
heart rate variation shows that parasympathetic 
efferents are mainly responsible for mediating these 
effects.?? ?! Changes in heart rate induced by stand- 
ing up also reflect mainly parasympathetic heart rate 
control, but are not so useful because they are less 
sensitive and have a wider range of normal 
responses, especially in older people.?? ?? 

Our study suggests that cardiac vagal efferent 
activity is depressed in coronary artery disease. Ear- 
lier studies of autonomic nervous function in coro- 
nary artery disease have given somewhat divergent 
results. Ryan etal found impaired parasympathetic 
response to facial immersion, but normal sym- 
pathetic pressor responses in 27 patients three 
months after myocardial infarction.!? On the other 
hand, Bennett etal found iumpaired sympathetic 
responses in a group of 18 asymptomatic patients 
studied at least one year after myocardial 
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infarction.'* The difference in parasympathetic 
responses did not reach statistical significance, 
although the values were comparable to those in the 
present study. The heart rate response to the Val- 
salva manoeuvre has been reported to be abnormally 
low in patients with coronary artery disease,!! 
although they may have an exaggerated heart rate 
response to carotid sinus massage.'? The apparent 
discrepancies may result from the fact that various 
tests reflect different aspects of autonomic nervous 
function. 

We cannot explain the impairment of vagal con- 
trol of heart rate in coronary artery disease. Heart 
rate variation tends to decline with age in healthy 
subjects,?? ** but heart rate variation in deep breath- 
ing was not affected by age in patients with coronary 
artery disease, so it seems that minor differences in 

.age between the groups were not a crucial factor. 
Earlier observations suggest that medication was 
unlikely to have had any major impact on our 
findings.°'4?5 This view is supported by the 
findings that the withdrawal of medication did not 
significantly alter the heart rate variation and that 
patients with abnormal and normal heart rate vari- 
ation in deep breathing were on similar medication. 

The level of physical activity may affect the para- 
sympathetic tone and reflex heart rate ‘control?’ 
Interestingly, the patients with chest pain also had 
slightly diminished heart rate responses to deep 
breathing, which might suggest that reduced phys- 
icalactivity caused-by disabling symptoms may con- 
tribute to the blunting of heart rate variation. The 
severity of symptoms did not, however, correlate 
with the heart rate variation in deep breathing. 

Earlier experimental studies have shown that 
transmural infarction can interrupt both the afferent 
and efferent limbs of the autonomic innervation of 
the myocardium apical to the infarction.?? Heart 
rate variation in deep breathing or the degree of 
bradycardia caused'by coronary arteriography, how- 
ever, were not significantly reduced in patients with 
transmural myocardial infarctiom compared” with 
other patients with coronary artery disease. Nor was 
‘heart rate variation in deep breathing related to the 
location or number of diseased vessels or to left ven- 
tricular function. So it seems that reduced vagal 
efferent activity in coronary artery disease cannot be 
predicted by any specific feature of the disease. 

The role of the parasympathetic nervous system 
in protecting the heart against serious ventricular 
arrhythmias and sudden death has recently attracted 
attention. The interaction of the parasympathetic 
nervous system with the sympathetic nervous sys- 
tem can buffer the deleterious effect of sympathetic 
storm on the threshold for ventricular 
fibrillation.?*?? Experimental studies have shown 
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that dogs with a healed myocardial infarction and 
reduced levels of cardiac vagal activity are liable to 
exercise-induced ventricular fibrillation and that 
subsequent increases in vagal activity protect against 
ventricular fibrillation? In accordance with this, 
reduced respiration-related variation in heart rate is 
associated with an increased frequency of cardiac 
death both in middle aged men? and after myo- 
cardial infarction. 3° These studies suggest that a 
diminished heart rate variation in deep breathing, a 
simple bedside measure of cardiac vagal activity, 
might identify a subpopulation of patients with 
coronary artery disease who are at an increased risk 
of sudden death. It is not yet known whether inter- 
ventions known to augment the vagal activity—for 
example pharmacological ones,?! and exercise pro- 
grammes.’ or on the other hand blocking of sym- 
pathetic activity, might be of particular value'in this 
group of patients. 


This study was supported by Paavo Nurmi Founda- 
tion for Cardiovascular Research. 
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Chronic sinoatrial disorder (sick sinus syndrome): a 
possible result of cardiac ischaemia 
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SUMMARY Postmortem angiography was used to examine the blood vessels supplying the sino- 
atrial node in 25 subjects with chronic sinoatrial disorder (group 1). The results were compared 
with similar studies in 54 subjects who died of heart block and in whom sinus node function was 
normal (group 2). Although no significant lesion obstructing the blood flow to the sinus node was 
seen in the majority of those in group 1, there were abnormalities in seven cases, with reduced 
filling of the sinus node artery in five. In group 2 the sinus node artery filled normally in all cases 
despite major disease of the parent vessel in three. The combination of contralateral coronary 
artery disease with extensive atrial anastomoses was actively sought because this arrangement 
might predispose to a steal phenomenon. Such conditions were fully met in three cases in group 
1 and two cases in group 2, and were found to a lesser extent in a further two cases in group 1 and 
three in group 2. 

Although coronary artery disease was unlikely to be the principal cause of sinus node dys- 
function in most of the cases studied it was relatively common and may have been a factor in about 
one third. Improved survival after myocardial infarction may increase the number of patients 


with chronic sinoatrial disorder of ischaemic origin. 


Chronic sinoatrial disorder (sick sinus syndrome) is 
now one of the commonest conditions treated by 
pacemaker implantation, yet its aetiology remains in 
doubt. Acute dysfunction of the sinus node is com- 
monly seen in the early stages of myocardial 
infarction but 1t usually disappears within the first 
24—48 hours! and initially coronary artery disease 
was assumed to be responsible for most cases of 
chronic dysfunction.? ^ More recently this has been 
disputed and the long term follow up of patients 
showing sinus node dysfunction in the acute phase 
of myocardial infarction has produced conflicting 
results. Currently necropsy studies have shown 
few major lesions of the blood vessels supplying the 
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sinus node, ^? but the numbers of cases studied are 
small and even fewer have been investigated by post- 
mortem angiography. Reviewing the subject Becker 
concluded that the aetiology remained in doubt and 
that a full angiographic study of the blood supply to 
the sinoatrial node was required to assess the role of 
coronary artery disease.!? As an additional factor he 
suggested that there might be a steal phenomenon 
through atrial collateral vessels, a possibility which 
had not been previously assessed. Another factor is 
the improved survival of patients with extensive 
cardiac infarction in which there may be major 
obstruction to the sinoatrial artery or its parent 
vessel. 

We have investigated the blood supply to the 
sinus node by postmortem angiography in patients 
with chronic sinoatrial disorder. Patients dying of 
chronic heart block were used as controls because 
both they and the patients with sick sinus syndrome 
had been followed up in an identical manner in our 
department. 
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Table 1 Basic data m the two groups (further details for group 1 are groen in the appendix) 
Age (yr) Follow up in months 
Group No Mean Range Mean Range Sex (M/F) Paced 
1 25 75 56-92 55 1-186 20/5 19 
2 54 78 49-96 37 1-140 39/15 36 





Patients and methods 


PATIENTS 
Most of the material was obtained from patients who 
died while in the Devon Heart Block and Brady- 
cardia Survey.!! All subjects were known to have 
suffered from either sinoatrial disorder or heart 
block for 28 days or more. For the purposes of anal- 
ysis they were divided into the following groups: 
Group 1 consisted of 25 subjects with chronic 
sinoatrial disorder. All were known to have had fea- 
tures of sinus node dysfunction for more than a 
month before death and 23 had been followed up in 
the Devon Survey. The angiographic findings in 
four cases were briefly described in 1977.8 


Group 2 consisted of 54 subjects with normal sinus 
node function but chronic second or third degree 
atrioventricular block and who had been followed up 
in the Devon Survey for one month or more. 

Table 1 gives the age at the time of death, the 
follow up time, and the number of subjects paced in 
the two groups. The appendix gives further details 
of the patients in group 1 and table 2 gives electro- 
cardiographic data. Sinus bradycardia was seen in 21 
patients and bradycardia with junctional rhythm 
was present in another three patients. One case (No 
207) did not have clinically significant bradycardia 
but did have episodes of sinoatrial block with sinus 
pauses lasting up to eight seconds. A further 18 
patients had sinus pauses of >1-8s on the standard 


Table2  Electrocardtographic findings in patients with stnoatrial disorder (group 1) 





Sinus Junctional ECG ST/T . 
Tase No bradycardia — Strtus* pause — rhythm Tachycardia lowest rate AV conduction wave abnormalities on entry 
243 + + + Atal fibrillation 34 RBBB, 1° block, 
intermittent CHB 
214 + + 45 CHB 
215 + + + 31 Normal ST depression I aVL, V5—6, 
T inversion I, aVL 
487 + 50 RBBB, 
intermittent CHB 
t50 + s + 33 Ser 1° T inversion I, III, aVL, V3-6 
36 + Atrial tachycardia and 24 LAHB, 1° block 
f tion 
86 + + Atrial tachycardia 30 1° block 
69 + + 37 Normal ST depression V4-6 
18 + + 38 Normal 
82 + + Atrial flutter 25 Normal 
26 * + Atrial flutter 50 Normal 
4 + + + Arnal fibrillanon 28 Normal 
35 + Atrial tachycardia 39 Normal ST depression I, V4-6 
T inversion I, II, aVL, V3-6 
01 + Atrial flutter 49 Normal 
10 + + Atrial fibrillanon 44 Normal ST depression V4-6, 
T inversion II, III, aVF, 
74-6 
16 + + + Atrial flutter 36 
39 + + 39 RBBB, 1° block 
9 + + 46 "Normal 
88 T + + Atrial tachycardia, 42 Normal 
ventricular tachycardia 
85 + + + 34 LAHB 
a7 + + 63 Normal ST depression V4-6 
44 + 41 Normal 
84 + + Atrial tachycardia 34 Normal 
35 + + Atrial fibrillation 37 eg as 1? 
o 
75 + + 46 RBBB, intermittent 
1° block 





31 8s on standard electrocardiogram (ECG) or 22s or more on ambulant BCG 
BBB, right bundle branch block; CHB, complete heart block; LAHB, left anterior hemiblock 
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electrocardiogram, or 228 or more on ambulant 
electrocardiography. In three patients the relation of 
the duration of-the. pauses to the preceding PP inter- 
vals was compatible with sinoatrial block. Periods of 
junctional rhythm occurred in 12 patients and par- 
oxysmal tachycardia was seen in 14. There were 
major conduction disturbances in three patients and 
lesser abnormalities such as bundle branch block or 
first degree block in seven. No conduction abnor- 
malities were seen in 15. By definition second or 
third degree block was present in all the subjects in 


group 2 and none had evidence of sinus node dys- ` 


function. 

During the period of the study postmortem angio- 
graphy was carried out on four additional patients 
who had been.seen during the acute stages of myo- 
cardial infarction with evidence of sinus node dys- 
function. All had periods of sinus arrest and gross 
bradycardia which persisted up to the time of their 
death at 4, 15, 16, and 17 days after the acute event. 


METHODS 

Most of the patients died at home and permission for 
necropsy was only obtained by the speedy cooper- 
ation of the patient’s family doctor. Usually the fam- 
ily agreed to only a limited procedure; this was 
carried out as soon as possible after death. When the 
heart was removed particular care was taken to sever 
the superior vena cava 2 or 3cm above its junction 
with the right atrium so that the sinoatrial node and 
its blood supply were not damaged. After initial 
inspection of the heart the coronary ostia were 
examined and-then cannulated. Both coronary arte- 
ries were flushed with saline at low pressure to 
remove postmortem sludge and then the right coro- 
nary was perfused with a radio-opaque medium for 
5min at a pressure of 130 mm Hg. Radiographs of 
the heart were taken in three planes on a fine grain 
fiim (Mamoray RP3) with an Elema-Schonander 
skull unit with 40kV at 400 mA, a focal spot of 
0-6 mm, and a focal film distance of 32 inches, Films 
were developed and if they were satisfactory, then 
the left coronary artery was perfused and a further 
set of x rays was taken. The standard views were 
anterior-posterior, left lateral, and left anterior 
oblique; but in a proportion of patients additional 
views were taken. The injectate usudlly consisted of 
a barium suspension mixed with Colourpaque to 
which a little dissolved gelatine had been added. 

This mixture penetrated into vessels with diameters 
of between 25 and 30 um. 

After postmortem angiography of the heart in 
toto, we removed the block of tissue containing the 
junction between the superior vena cava and right 
atrium, pinned it out on a board, and x rayed it to 
demonstrate the sinoatrial node artery and its 
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branches. The heart was fixed for two or three weeks 
and blocks taken from the heart and main coronary 
„arteries for histological examination.-We used a 
modification of the method described by Davies. !? 
The angiograms were studied with an overhead 
projector which gave a ninefold magnification. We 
concentrated on the right coronary up to the origin 
of the posterior descending branch (where present) 
and the left coronary, including the initial parts of its 
two main branches proximal to the first diagonal and 
second obtuse marginal. The widths of the arteries 
were measured and in narrowed areas the reduction 
in lumen was expressed as a percentage of the width 
of the preceding sections; obstructions of less than 
20% were classified as normal. We looked for vessels 
running between branches of the sinoatrial node 
artery or its parent vessel and other atrial arteries, 
particularly those arising from the contralateral 
coronary artery. 'To be accepted as anastomotic ves- 
sels they had to be seen on all three x ray projections 
(fig 1). One or two connecting vessels were desig- 
nated as “some” and three or more as “many”. If 
filling of atrial arteries stemming from the right 
coronary artery was poor after this vessel had been 
perfused, the appearances were reviewed after per- 
fusion of the left coronary artery for evidence of an 
increased flow of contrast material via anastomoses. 
The potential for a steal phenomenon was identified 
only if there was an anastomosis between the sinus 
node artery proximal to the node and a branch of an 
obstructed (50% or more) contralateral artery. 
Filling of the sinoatríal node artery was assessed 
by examination of the initial angiograms of the 
whole heart and subsequent films of the tissue block 
containing the sinoatrial node. Filling was classified 
as "normal" where the vessel and its tributaries 
could be seen easily with sharp outlines on a stan- 
dard x ray viewing box and “reduced” if the vessel 
was blurred with indistinct or barely visible tribu- 
taries. Filling was termed “poor” if the sinus node 
artery could only be discerned with difficulty using a 


` bright light and "nil" if the artery was invisible on x 


rays of the whole heart or tissue block containing the 
sinus node. 

The right coronary artery was identified as being 
dominant if it gave rise to the posterior descending 
artery.!? 


Results 
The left coronary artery was dominant in 10 of the 


25 cases in group 1 and 15 of the 54 cases in group 2. 
The origin of the sinus node artery .was easily 


` identified in all patients except case 187 in group 1, 


in whom the left coronary artery was normal but did 
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Figl Angiograms of case 118 with both coronary arteries perfused and showing a large atrial arters 
arising from the right coronary artery which supplies the sinus node area. The oblique view (a) appears ti 
show a series of anastomoses but the arterior-posterior view (b) shows separation of the vessels particularly 
in the upper atrium. 
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Fig2 Anterior-posterior 
angiogram of case 243 after 
perfusion of both coronary arteries, 
showing gross general arterial 
disease but normal filling of the 
sinoatrial node artery which arises 
close to the origin of the left 
circumflex coronary artery. 





Fig3 Antertor-posterior 
angiogram of case 187 after 
perfusion of both coronary artertes. 
The right main coronary 
immediately distal to the conus 
artery was completely blocked. 
There was no filling of the atrial 
arterial branches on the right side. 
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Table 3  Arteriographic findings tn all the patients m group 1 and ın the 18 cases from group 2 showing arterial obstructions of 220% m 
one or more of the major vessels 





^ Coronary supplytng sinoatrial node 
Dominant ` Contralateral Atrial 
' Case No coronary artery SANA filhng > Side — Proximal* Distal* coronary artery anastomoses 
ay 
S Group I 
243 L Normal L 50% ` 50% 90% Some 
214 L Normal L Normal Normal Normal Some 
215 R ' Normal UR Normal Normal LAD blocked Many 
187 L Nil R Blocked Blocked Normal None 
150 R , Normal UR Normal Normal LAD blocked, arc 30% Some 
36 R Normal 'R Normal Normal . Normal None 
186 R Normal LO Normal Blocked 20% proximal Many 
169 L Normal] R >90% 2% 40% mam Manyt 
118 R formal R Normal Normal Normal None 
82 R Normal R Normal Normal Normal Some 
* 226 R Normal L Normal Normal - Normal Some 
4 R Normal R Normal Normal Normal None 
35 L Reduced iL 7596 | Circ 60%, 
LAD blocked 4095 None 
101 R Normal R Normal 35% Normal Some 
210 L Normal R Normal 50% 80% main, 40% circ, Some 
, : 80% LAD 
2216 R Poor R >90% . 60% Circ blocked None 
39 L Normal L Normal Normal Normal Some 
209 R Normal R Normal Normal Normal Some 
88 R Normal R Normal 35% 50% main, 
$ D circ b Many 
185 L Ni "dX 3596 Normal Normal None 
207 R Poor L 90% 80% Normal Somet 
144 L Normal R Normal 35% 50% circ None 
184 L Normal R Normal Normal Normal Some 
135 R Normal 'R Normal Normal Normal Some 
75 R Normal R Normal Normal Normal Many 
g Group 2 
146 L Normalf -R: 90% Blocked 50% LAD Manyt 
86 R Normal . L . 80% 70% > 6 Some 
148 R Normal 'R Normal * 40% 60% LAD, 40% circ Some 
61 R Normal R Normal Normal bi 5 
à 80% circ Some 
7 R Normal R Normal Normal 40% circ Some 
94 L Normal R Normal 50% 50% LAD Some 
26 R Normal R Normal 65% 50% LAD None 
162 L Normalt R Blocked Normal 30% LAD Manyt 
48 L Normal UR Normal 40% LAD Some 
. 50 R Normal R Normal Normal 20% LAD Some 
151 L Normal R 50% Normal 30% LAD Some 
80 R Normal L Normal Normal 50% None 
108 R Normal R Normal 50% Normal None 
95 L Normal R Normal Normal 50% LAD Some 
125 R Normal R 25% ^" Normal - 50% main, 25% circ Some 
81 R Normal L Normal 20% ormal None 
205 L Normal L 40% Normal None 
136 R Normal L 30% 90% LAD 20% Some 


*To sinoatrial node artery; tapparent filling towards SANA; ap poesia ali ureter coronary artery: 
artery; S. 


LAD, left anterior descending artery; carc, 


not give rise to any large atrial branches while the 
right coronary was completely blocked close to its 
origin. In this case the right coronary was believed 
to be the parent vessel supplying the sinoatrial node 
artery. So the blood supply to the sinus node came 
from the right coronary artery in 17 (distal in one) 
and the left coronary artery in eight cases (distal in 
three) in group 1 and from the right coronary artery 
in 35 (distal in three) and the left coronary artery in 
19 cases (distal in one) in group 2. 


ANA anoarrial node artery, 


SINUS NODE ARTERY AND ITS PARENT VESSEL 

In most subjects from both groups the sinus node 
artery filled normally, often despite evidence of 
extensive coronary artery disease (fig 2). In group 1, 
however, narrowing of >50% was present in seven 
cases and sinus node artery filling was abnormal in 


.8ix (table 3). Figure 3 shows examples in which there 


was no filling of the sinus node area and fig 4 shows 
the sinus node artery filled through anastomotic 
connections from the coritralateral coronary vessel. 
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Fig4 Anterior-posterior angiograms of case 169: (a) perfusion of the right coronary shows that this was almost completely 
obstructed close to its origin. The sinus node artery filled but to a reduced extent and smaller tributaries cannot be seen; | bj 
taken after both coronaries had been perfused, showing increased filling of the sinus node artery and adjacent vessels. 
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Table4 Origin of the sinoatrial node artery in groups 1 and 2 compared with that described by James! 5 and Hutchinson? 


—————— M M Mo M aa € aet 

















Group 1 Group 2 James Hutchinson 
Artery No 95 No pe No Ls No A 
Right proximal 16 64 32 59 55 52 19 48 
Right distal* I 4 3 6 2 2 7 18 
Left proximal 5 20 18 33 43 41 li 28 
Left distal* 3 12 1 2 2 2 3 8 
Total 25 54 106+ 40 


*The second (intermediate) and third (posterior) parts of the artery. 
t Including two with dual supply and two with unknown origin. 


Case 185 was unusual because the atrial artery sup- 
plying the branch to the sinus node was blocked at a 
point approximately two thirds along its course. 

The sinus node artery filled normally in all of the 
54 subjects in group 2. There was a major obstruc- 
tion of the parent vessel in three, however, and in 
cases 162 and 146 the right main coronary artery was 
completely blocked and the sinus node artery filled 
via extensive anastomotic networks coming from the 
left coronary. In case 86 the sinus node artery was a 
branch of the left coronary, which was 809; nar- 
rowed; initial injection of the right coronary artery 
produced some filling by anastomotic channels and 
filling through the left coronary was normal. 


CONTRALATERAL CORONARY ARTERY 

In seven cases in group 1 the contralateral artery or 
one of its major branches was obstructed by > 509; 
Two of these (216 and 144) had no apparent anas- 
tomotic vessels, but in the other five the findings 
were compatible with a steal phenomenon because 
there were some or many anastomotic vessels associ- 
ated with major obstruction of the contralateral 
coronary artery. 

In group 2 there was 2509; obstruction of the 
contralateral artery or its main branches in nine, 
including two of those with major disease of the 
other coronary artery. None of the remaining seven 
cases had many anastomotic vessels: five had some 
and two had none. 

In the four patients dying soon after acute myo- 
cardial infarction postmortem angiography showed 
that the parent vessel to the sinus node artery was 
completely blocked in two and that there was severe 
bilateral coronary disease in the other two cases, one 
of which also fulfilled the criteria for a potential steal 
phenomenon. 


Discussion 


The anatomy of the blood supply to the atria and 
sinus node is very variable!^^ !* and if sinus node 
dysfunction were usually the result of ischaemia it 
might be expected that certain anatomical patterns 


would be unduly common in this condition because 
they predisposed the area to ischaemia.” Con- 
versely other vascular configurations might reduce 
the risk of hypoxia because they give considerable 
scope for anastomosis between the different arterial 
branches to the atrium.'? !? Nerantzis and Avgous- 
takis suggest that the so-called S shaped sinus node 
artery arising from the distal part of the left 
circumflex may be particularly beneficial in cases of 
atherosclerosis, since it can function as a bridge 
between the two major coronary trunks.*° ‘This 
makes the sinus node area in a heart “much less vul- 
nerable to atherosclerotic disease than would be the 
case otherwise". In practice, the basic coronary 
anatomy of the subjects of the present study was 
generally similar in groups 1 and 2 and findings in 
both groups resembled those in other series of sub- 
jects without sinus node disease (table 4). 

It is unwise to make dogmatic deductions from 
necropsy angiograms about the likely state of the cir- 
culation in life, because the static filling pressure 
applied to dead vessels must be very different from 
the pulsatile flow occurring in the live circulation, 
The steady pressure of 130 mm Hg that was used 
would tend to fill peripheral vessels even if a major 
obstruction was present, yet under such circum- 
stances in life tissue ischaemia might be expected, 
particularly when under increased load. Also the 
degree of coronary spasm cannot be assessed and 
there is evidence that spasm is often present in 
atheromatous heart disease. The influence of extra- 
cardiac anastomotic vessels?! could not be assessed 
in this study and even intercoronary anastomoses 
may have been difficult to identify. Radiographs 
taken in a single plane may be misleading since 
vessels appear to criss-cross each other and the scope 
for anastomosis may seem very great. Further views, 
however, will disclose the true arrangement and 
with three projections it is usually possible to 
confirm the presence of collateral channels. In some 
instances we studied up to six views after each injec- 
tion but the additional plates did not materially add 
to the information. When collaterals are found it 
may be difficult to assess their importance because 
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they vary considerably in size, length, and mor- 
phology. 

In most patients with chronic sinoatrial disorder 
in the present study the blood supply to the sinus 
node was not obstructed by disease of the large 
arteries. Significant arterial lesions were relatively 
common, however; and these caused reduced filling 
of the sinoatrial node artery in five of 25 cases and 
the potential for a steal phenomenon in a further five 
cases. There is some uncertainty about the effects of 
the lesions in two of these cases (215 and 150) where 
the principal contralateral arterial lesions were in the 
anterior descending branch of the left coronary 
artery, a vessel which contributes less to the atrial 
anastomotic system than do the circumflex and right 
coronary arteries. All of the cases in group 2 showed 
satisfactory filling of the sinus node artery, although 
in three collateral vessels from the contralateral 
coronary artery made a major contribution. The 
angiographic appearance suggested a potential for a 
steal phenomenon in five cases, but in three the pre- 
dominant obstruction was in the left anterior 
descending artery. There had been no evidence of 
sinus node dysfunction during life in any of these 
cases. The findings in the four cases of acute sinus 
node dysfunction after cardiac infarction suggest 
that, had they survived, at least three would have 
been left with ischaemia of the sinus node. Improved 
methods of treatment may increase the number of 
patients with impaired sinoatrial function who sur- 
vive the acute episode. 


We thank Professor Michael Davies of St George’s 
Hospital for his help and Professor Peter Anthony 
for his cooperation throughout this study. We are 
indebted to the clinicians of Devon for their early 
notification of fatal cases upon which this study 
relied. This work was financed by grants from the 
Department of Health and Social Security, the 
British Heart Foundation, and the Northcott Devon 
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Appendix Basic data in group 1 
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Case No 


——— M M M M tit. 


Age at death 





Pacediunpaced 


Cause of death 





Follow 
Sex up (mth) Symptoms and signs 
M 186 Syncope, dyspnoea 
F 155 Syncope, dyspnoea 
F 144 Syncope, dyspnoea 
M 121 Dizziness, dyspnoea, chest pain 
M 97 Syncope, dyspnoea 
F 89 Syncope, dyspnoea, chest pain 
M 79 Syncope, dyspnoea 
M 78 Cardiac failure, chest pain 
M 71 Dizziness, dyspnoea 
F 57 Syncope, dyspnoea 
M 49 Syncope 
F 58 Syncope, dyspnoea, cardiac failure 
M 58 Dyspnoea, chest pain 
M 30 Syncope 
M 29 Syncope, dyspnoea 
M 14 Dizziness 
M 12 Dizziness 
M 9 Syncope 
M 8 Syncope, cardiac failure 
M 7 Syncope 
M 5 Syncope, cardiac failure 
M 4 Dizziness, dyspnoea, chest pain 
M 2 Syncope, dyspnoea 
M 1 Syncope, cardiac failure 
M 1 Syncope 


Paced 
Paced 
Paced 
Paced 
Paced 
Paced 
Paced 
Paced 
Paced 
Paced 
Paced 
Paced 
Unpaced 
Unpaced 
Paced 
Paced 
Unpaced 
Paced 
Unpaced 
Unpaced 
Paced 
Unpaced 
Paced 
Paced 
Paced 


Cerebrovascular accident 
Cerebrovascular accident 
Myocardial infarction 
Carcinoma/bronchus 
Cerebrovascular accident 
Left ventricular failure 
Bronchopneumonia 
Myocardial infarction 
Unknown 
Cerebrovascular accident 
Carcinomatosis 
Pacemaker failure 
Myocardial infarction 
Bronchopneumonia 
Cardiac failure 
Carcinoma/oesophagus 
Bronchopneumonia 
Cerebrovascular accident 
Cardiac failure 
Unknown 

Renal failure 

Unknown but sudden 
Cardiac failure 
Unknown 

Cardiac failure 


a $ 
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Percutaneous balloon dilatation of aortic valve 
stenosis in neonates and infants 
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From the *Freeman Hospital, Newcastle upon Tyne and +The Hospital for Sick Children, London 


SUMMARY Percutaneous balloon dilatation of severe aortic valve stenosis was attempted in 
thirteen patients (seven neonates and six infants). In two the valve could not be crossed and both 
died during subsequent operation. Two patients died during manipulation of the balloon catheter. 
No significant benefit was obtained in another patient who later died during operation. Balloon 
dilatation was successful in the remaining eight patients, reducing the aortic valve pressure 
gradient from a mean of 63mm Hg (95% confidence interval 38 to 88mm Hg) to a mean of 
23mm Hg (95% confidence interval 7 to 39 mm Hg). Two of these patients subsequently died 
from heart failure related to other cardiac lesions. The six survivors have done well. At follow up 
the maximum Doppler velocities in the ascending aorta ranged from 1:9 to 4:0 m/s after 2-23 
months, but despite this evidence of an increasing valve gradient there has been lasting clinical 


improvement. 


The development of balloon dilatation has altered 
the management of many stenotic lesions in 
paediatric cardiology and the technique is already 
widely used for relief of pulmonary valve stenosis 
and recoarctation of the aorta. In most other situ- 
ations balloon dilatation remains experimental and 
will only supersede operative management if it can 
equal or improve upon the results of surgery. 

The treatment of critical aortic valve stenosis in 
infancy is difficult and the surgical mortality is 
high.'^ Palliation by surgical valvotomy may 
produce long lasting benefit but repeat operation is 
often necessary and is associated with a higher 
mortality.? If the efficacy, morbidity, and mortality 
of balloon dilatation can match the results of surgical 
valvotomy in these patients, it may provide an 
attractive alternative approach to initial manage- 
ment. Isolated reports of successful balloon 
dilatation in infancy, however, may give a falsely 
optimistic impression of the procedure.* 9 This 
paper reports our experience in 13 consecutive 
patients who were younger than 12 months and had 
aortic valve stenosis. 

Requests for reprints to Dr Christopher Wren, Department of 
Paediatric Cardiology, Freeman Hospital, Newcastle upon Tyne 
NE77DN. 
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Patients 


Between June 1985 and April 1987 seven nenonates 
and six infants underwent cardiac catheterisation 
with a view to performing balloon dilatation of 
severe aortic valve stenosis (table). Their ages ranged 
from one day to 11 months (median four weeks) and 
their weights from 1:5 to 8.9 kg. Ten patients had 
signs of heart failure and three had already under- 
gone surgical valvotomy. One patient (case 3) had 
coexisting severe mitral valve stenosis. Patient 10 
was born 14 weeks prematurely and developed 
bronchopulmonary dysplasia despite ligation of the 
ductus arteriosus. Patient 6 was born at 26 weeks’ 
gestation and in addition to critical aortic stenosis 
she had severe left ventricular dysfunction and 
mitral valve stenosis, and subsequently underwent 
ligation of a ductus arteriosus. 

The electrocardiogram demonstrated left ventric- 
ular hypertrophy in all patients, with repolarisation 
abnormalities m six. Echocardiography showed 
hypertrophy, dilatation, and impaired contraction of 
the left ventricle in five patients and small ventricles 
with concentric hypertrophy in the remainder; two 
of these having very small left ventricular cavities 
similar to those seen in the hypoplastic left heart 
syndrome (table). 
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Table Details of patients with aortic stenosis treated by balloon dilatanon 








AOV gradient 
Balloon (mm Hg) 
Wegh LV diameter AR Follow up Doppler 
Panent Age (hg) function (mm) Before After grade (months) (mjs) Comments 
1 l day 22 H — — — — — — Valve not crossed, died 
after operation 
2 6day 30 S — 93 — — — — Died during balloon 
catheter manipulation 
3 13 day 2-8* D 6 64 44 0 — — Died in heart fatlure from 
' mutral stenosis 
4 14day 35 H 6 7 19 0 23 19 Ventricular function has 
impro 
5 21 day 38 D 7 86 5 0 13 3-1 Remains well 
6 22 day 15 D 5 40 10 1-2 — — Died from persisting heart 
ure 
7 28 day 30* 8 6 50 — — — — Died after aortic root 
replacement 
8 30 day 35 S 6 50 30 0 2 40 well 
9 2mth 42 D 6 60 — — — — Died durmg balloon 
inflauon 
10 5mth 56 S 8 103 6 1 8 28 Remains well 
ll 7mth 69 D 8 80 60 0 14 3.5 Remains well 
12 8mth 42 8 — — — — — — Valve not crossed, 
died after operation 
13 ll mth 89* S 9 76 9 1 13 25 Remains well 





AOV, aortic valve; AR, aortic regurgitation; D, dilated hypertrophic left ventricle; H, hypoplastic left ventricle; LV, left ventricle; S, 


small hypertrophied left ventricle; *previous surgical valvotomy. 


Methods 


Cardiac catheterisation was performed under 
general anaesthetic in ten patients and with sedation 
and local anaesthesia in three. Catheters were intro- 
duced by percutaneous femoral artery puncture in 
five patients and by elective femoral artery cut down 
in the remainder. Heparin (100 units/kg body 
weight) was given. The balloon chosen was at least 
1-2mm smaller than the valve diameter measured 
from a cineaortogram. The aortic valve was crossed 
with an end-hole catheter, usually with the help of a 
guide wire. The balloon catheter was advanced over 
an exchange guide wire with no arterial sheath. The 
balloon was positioned across the valve and inflated 
1— times to produce and then to abolish waisting (fig 
1). The catheter was then withdrawn and the pres- 
sure measurements (fig 2) and aortogram were 
repeated. In these small ill patients the procedure 
was kept as short as possible. Right heart cath- 
eterisation was not performed and no measurement 
of cardiac output or estimation of aortic valve area 
was possible. 


Results 


Balloon dilatation was accomplished safely in nine 
patients (table). In two further patients the aortic 
valve could not be crossed; both were referrred for 
open valvotomy and both died after operation. One 
patient died during manipulation of the balloon 
catheter around the aortic arch when only the guide 


wire was across the aortic valve. Permission for a 
necropsy was refused and the cause of death was not 
established. Another patient became asystolic after 
the first balloon inflation and could not be resusci- 
tated. At necropsy there was no evidence of aortic 
rupture or other structural damage. The valve was 
dysplastic with three thickened leaflets and distinct 
commissures. Comparison with the echocardiogram 
and aortogram obtained before balloon dilatation 
suggested that the valve had split along the commis- 
ures. In one patient whose femoral artery was 
damaged during exchange of balloon catheters no 
post-dilatation pressures could be recorded. There 
was no clinical improvement and the patient died 
after attempted replacement of the aortic root. 

After balloon dilatation pressures were recorded 
in eight patients and in seven of these the valve 
gradients before dilatation were between 40 and 
103 mm Hg (mean 63 mm Hg, 95% confidence inter- 
val 38 to 88 mm Hg) (fig 3). In patient 4 the aortic 
valve gradient measured only 7 mm Hg but there was 
clinical evidence of a very low cardiac output and the 
clinical, echocardiographic, and angiographic diag- 
nosis was severe aortic valve stenosis with a small, 
poorly functioning left ventricle. 

The diameters of the inflated balloon catheters 
used were between 5 and 9mm. In seven of the nine 
patients smaller balloon catheters were used initially 
but did not produce satisfactory results. Attempts to 
insert an 8mm balloon in patient 7 caused laceration 
of the femoral artery and the procedure was aban- 
doned. In patient 11 a 10mm balloon catheter could 
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not be introduced into the femoral artery, In both 
these patients the result achieved with smaller 
balloons was disappointing. 

After balloon dilatation the peak to peak systolic 
pressure gradient was reduced in the seven patients 


Fig 1 Frames from an anteroposterior cineangiogram from 
patient 5 showing the uninflated balloon in position across 
the aortic valve (a) and partial (b) and complete (c) 
inflation of the balloon. Note that the waisting of the 
balloon was abolished at full inflation. 


who had considerable gradients initially (fig 3) and 
had increased in patient 4. The residual gradients 
were between 5 and 60mm Hg (mean 23mmHg, 
959, confidence interval 7 to 39mm Hg). Repeat 
aortic angiography did not show appreciable aortic 


Percutaneous balloon dilatation of aortic valve stenosis in neonates and infants 


Fig 2 Pressure recordings during catheter withdrawal 
from the left ventricle to the ascending aorta in patient 5 
(a) before.and (b) after balloon dilatation. 


regurgitation (table). 

Seven of the 13 patients in this series died—two 
during the procedure (as described above), three 
during subsequent operation, and two in the month 
after balloon dilatation. Both of the last patients 
still required artificial ventilation for intractable 
pulmonary oedema. Patient 3 had severe mitral valve 
stenosis and patient 6 had mitral valve stenosis and 
severely impaired left ventricular function that failed 
to improve despite effective balloon dilatation and 
ligation of a ductus arteriosus. 

'Two of the six survivors had occlusion of the 
femoral artery after balloon dilatation (one bad had 
percutaneous puncture and the other a cut down on 
the fernoral artery) and both underwent successful 
femoral artery embolectomy. There were no arterial 
complications in the other four patients, two of 
whom had percutaneous puncture while the other 
two underwent femoral artery cut down. 

‘At follow up examination after 2-23 months all 
six patients were well. None had signs of heart 
failure or required diuretic treatment. Non-invasive 
assessment included Doppler echocardiography. 
Maximum velocities in the ascending aorta at the 
most recent examination ranged from 1:9 to 4:0 m/s 
(table) and correlated well with the measured 
‘gradient in the two patients who underwent repeat 
cardiac catheterisation. 


Discussion 


At first sight the results achieved in this series appear 
disappointing, with seven deaths and six survivors. 
None the less, three patients were only included 
because they had significant residual aortic stenosis 
causing persisting heart failure after surgical 
valvotomy and three others because they were 
unsuitable for operation—one weighed only 1-5kg 
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(patient 6) and in two others the left ventricle was 
thought to be too small for long term survival 
(patients 1 and 4) Three of the seven deaths 
occurred during subsequent operation and were not 
related to the balloon procedure. Two further deaths 
resulted from persisting heart failure related to other 
cardiac lesions. 

None of the five patients weighing <3 kg survived 
long term. In comparison, only two of eight patients 
larger than 3kg died, one of them during a 
subsequent surgical operation. Thus small size is an 
important risk factor, probably partly for technical 
reasons, but mainly because those with the most 
severe valve stenosis, the most important associated 
lesions, and the worst clinical condition will tend to 
present earliest. 

Balloon dilatation of the aortic valve in these small 
patients is technically difficult. Introduction of the 
balloon catheter into the femoral artery risks damage 
to the vessel.” Our results show that both cut down 
and percutaneous puncture may be complicated by 
arterial occlusion and neither approach has been 
shown to be better. In no case was arterial access not 
achieved, but in two patients the aortic valve could 
not be crossed and a surgical valvotomy was then the 
only option. 

Death during balloon dilatation of the aortic valve 
in infancy has been reported before and was found at 
necropsy to be caused by laceration of the aortic 
wall This was attributed by the authors to the 
balloon bursting in the ascending aorta but may have 
resulted from manipulation of the balloon catheter in 
the aortic arch. The balloon did not burst during 


120 


100 


0 After 


Before 
Fig 3 Peak to peak pressure gradients between left 
ventricle and ascending aorta before and after balloon 
valvotomy. Vertical bars indicate 95% interval. The mean 
gradient was reduced from 63 mm Hg (95% confidence 
interval 38 to 88 mm Hg) to 23mm Hg (95% confidence 
interval 7 to 39mm Hg). 
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treatment of either of our patients who died during 
the procedure, and the aorta was intact in the case 
examined at necropsy. 

Rupprath and Neuhaus reported success using 
coronary balloon catheters of up to 4-2 mm.?? In five 
of our nine patients initial results with balloons 
measuring 3-5-10 mm in diameter were inadequate 
and we would not recommend use of coronary 
balloon catheters except in very small babies. On 
the other hand, it is important that balloons with 
diameters larger than the aortic valve ring are 
not used. Intraoperative dilatation with oversize 
balloons in neonates produces a high incidence of 
fatal aortic valve damage. !? 

Follow up assessment by Doppler echo- 
cardiography has suggested that the aortic valve 
gradients are increasing. This may reflect an increase 
in the severity of the valve stenosis, or the difference 
between catheter and Doppler measurement of valve 
stenosis, or (perhaps more likely) an improvement in 
cardiac output after reduction of the obstruction. All 
follow up examinations were outpatient procedures 
performed without sedation and instantaneous peak 
velocity was measured. 

An improvement in the results of percutaneous 
balloon dilatation of aortic valve stenosis in this 
difficult group of patients can be expected with 
increasing practical experience, developments in 
balloon catheter design, and, perhaps, better patient 
selection. The procedure may provide an alternative 
to initial surgical management in some patients. 
Relief of aortic valve stenosis in patients weighing 
<3kg, however, is likely to continue to have a 
significant mortality, whether performed surgically 
or by catheter. 


We thank Dr H H Bain, Dr S Hunter, Dr P G Rees, 
and Dr J F N Taylor for allowing us to report details 
of patients under their care. ' 


Wren, Sullivan, Bull, Deanfield 
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Randomised crossover trial of rate responsive 
Activitrax and conventional fixed rate ventricular 
pacing | 
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From the * Division of Cardiovascular Diseases, Royal Postgraduate Medical School, Hammersmith Hospital, 
and 1 National Heart Hospital, London 


SUMMARY Atrial tracking pacemakers may improve exercise capacity and symptoms because they 
maintain atrioventricular synchrony and preserve the physiological response of heart rate to 
exercise. À rate responsive pacemaker which reacts to physical activity may be effective in patients 
with sinus node disease who are unsuitable for VDD pacing. At least three months after implant 
a double blind randomised short and long term crossover study was performed in ten patients 
with complete heart block: block was present at rest and during exercise on a modified Bruce 
protocol. Symptoms were assessed on a visual analogue scale and exercise capacity (maximal 
oxygen consumption and anaerobic threshold) was measured during rate responsive (peak rate 
125/min) and conventional fixed rate (VVI) pacing (70/min). One month after randomisation 
treadmill exercise was performed. The mode was then changed to the other pacing mode and 
exercise was repeated three hours later. After another month the process was repeated but in the 
reverse order. During long term assessment there was subjective improvement in the sensation of 
breathlessness with rate responsive pacing. During short term assessment maximal oxygen con- 
sumption increased and the benefit was maintained during long term rate responsive compared 
with long term VVI pacing; oxygen consumption at the anaerobic threshold was similarly 
improved. 

Activity detecting rate responsive pacing is better than fixed rate ventricular pacing in patients 
with complete atrioventricular block. 


Double blind crossover studies have shown that the 
occurrence or severity of subjective symptoms or 
both are significantly lower during atrial syn- 
chronised ventricular pacing than during fixed rate 
VVI pacing,'? but there is no agreement about the 
magnitude of the improvement in exercise capacity. 
Atrial synchronised ventricular pacing can only en- 
sure a physiological ventricular rate response if the 
atrial rate is a good indicator of circulatory demand. 
Patients with sinus bradycardia, sinus arrest, or 
drug resistant atrial tachycardia are therefore less 
suitable candidates for atrial synchronised ventricu- 


{Present address: Cardiology Department, Royal Free Hospital, 
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lar pacing. The Activitrax pacemaker (Medtronic) 
varies the pacing rate in response to the level of 
physical activity as detected by a sensor bonded to 
the inside of the case of the pulse generator. Recent 
short term studies have suggested that it was better 
than fixed rate VVI pacing?^ and a multicentre 
study demonstrated an improvement in exercise 
duration during Activitrax pacing.’ 

The purpose of this study was to compare the 
effect of Activitrax rate responsive pacing with that 
of conventional fixed rate VVI- pacing on symptoms 
and exercise capacity during a randomised short 
term and long term crossover study. Exercise capac- 
ity was assessed by measuring maximal oxygen con- 
sumption and anaerobic threshold during treadmill 
exercise: these measurements are reproducible 
(coefficient of variation 895) and seem to provide the 
most objective indication of exercise capability. 7 


614 
Patients and methods 


PATIENT SELECTION 
We studied 10 patients (mean age 50 years (range 
30-75)) with complete anterograde atrioventricular 
block at rest and during exercise. Nine patients had 
retrograde atrioventricular block at rest. Exercise 
capacity was limited only by dyspnoea or fatigue in 
* all patients. A ventricular rate responsive pacemaker 
(Activitrax, Medtronic) was implanted in all patients 
3—6 months before the start of the study. The under- 
lying cardiac disease was dilated cardiomyopathy 
(three patients), previous aortic valve surgery (two 
patients), idiopathic atrioventricular block (two 
patients), ablation of the atrioventricular node for 
uncontrolled atrial fibrillation (one patient), hyper- 
tension (one patient), and primary pulmonary 
hypertension with right heart failure (one patient). 
Patients were excluded from the study if they had 
suffered a myocardial infarction during the previous 
six months or had a history suggestive of myocardial 
ischaemia or pulmonary disease. 


TRIAL DESIGN 

Treadmill exercise capacity was assessed on a 
modified Bruce protocol by measuring maximal oxy- 
gen consumption and anaerobic threshold by com- 
puterised mass spectrometric analysis of mixed 
expired air. Before entry to the study patients re- 
peated practice exercise tests until symptom limited 
maximal oxygen consumption differed by less than 
5% on two consecutive exercise tests. The exercise 
tests were performed at the same time of day foreach 
patient. The pacemaker mode was randomised to 
either fixed rate mode (VVI 70/min) or to rate 
responsive mode. During the study the patient and 
the doctor supervising the exercise test were not told 
what pacemaker mode was being used. In rate 
responsive mode the back up rate was 70/min and 
the upper limit was 125/min. The rate response 
mode and the activity threshold were altered so that 
during a practice test at maximal exercise capacity 
the upper rate limit was reached. One month later 
exercise capacity was assessed in the original ran- 
domised mode (“long term mode"). The alternative 
mode was reprogrammed and the patients re- 
exercised three hours later (“‘short term mode”). 
Similarly, one month later the patient was exercised 
(alternative long term mode) and re-exercised three 
hours later in the initial pacing mode (short term 
mode). Symptoms were assessed at the end of each 
month of long term mode pacing by a questionnaire 
completed by the patient. The questionnaire con- 
tained 24 questions relevant to the symptoms of 
breathlessness, fatigue, and psychological state. The 
questionnaire was developed at McMaster Univer- 
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sity (available on request from DPL). Each question 
was on a separate sheet of paper and the patient was 
requested to make a mark on a visual analogue scale 
10 cm in length. The distances of all the marks for 
each category of questions were summed so that a 
maximum of 80 indicated maximum symptoms. Left 
ventricular fractional shortening was assessed by 
cross sectional echocardiography performed in the 
VVI mode. 


STATISTICAL ANALYSIS 

Because data were not normally distributed 95% 
confidence limits are not quoted. Differences in 
symptoms and exercise capacity were thus assessed 
by the Wilcoxon matched pairs rank sum test. Re- 
sults are quoted as mean and interquartile range 
(that 1s the range containing the middle 50% of the 
sample values). 


Results 


Mean left ventricular fractional shortening was 28% 
(range 10-40%, normal 23-37%). Exercise capacity 
was significantly greater during rate responsive pa- 
cing (table 1, figs 1 and 2). During short term assess- 
ment the mean maximal oxygen consumption (ml 
kg/min) increased and the benefit (compared with 
long term VVI pacing) was maintained during long 
term rate responsive pacing (18(1) and 19(1) ws 
16 (1) respectively (p < 0-02)) This was a mean im- 
provement of 14% (increased, eight patients; un- 
changed, one patient; decreased, one patient). The 
anaerobic threshold was reached in seven patients. 
Oxygen consumption and the anaerobic threshold 
also improved on rate responsive pacing (14 (1) and 
14 (1) vs 12(1) (p < 0:04) (increased in six patients, 
unchanged in one patient). The subjective sensation 
(out of a maximum score of 80) for symptoms of 
breathlessness, fatigue, and psychological state were 
less in rate responsive than in VII pacing, but the 
difference between the two pacing modes was 
significant only for the symptom of breathlessness 
(p « 0-05) (eight patients improved, one remained 
unchanged, and one deteriorated). 


Discussion 


The problem of impaired exercise capacity associ- 
ated with chronotropic incompetence has been ap- 
proached in several ways. Atrial synchronised 
ventricular pacing reduces the occurrence and sever- 
ity of subjective symptoms more than fixed rate VVI 
pacing. The magnitude of the objective im- 
provement is debatable and may reflect the aware- 
ness of the pacing mode by the doctor supervising 
the exercise test.! ^? Improvement in bicycle work- 
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Table Measurement of maximal oxygen consumption (VO, max), anaerobic threshold, and visual analogue scale scores (maximum score 
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80) during short term and long term VVI and rate responsive pacing (VVI-Act) 





ZAnaerobi 
VO, max (mi|hg|min) threshold (ml[kg/ml) Visual analogue scale 
[RN 
Long Short Long Short SOB Fatigue Psychological 
Age rJ qe e nu ror P PUNICUM R 
Er No i) Dmagmou VVI-Act VVI  VVI-Ac VVI VVI-Act VVI VVI-ActVVI VVI-Aa VVI VVI-ActVVI | VVI-Aa VVI 
1 30 PHT 17 14 15 13 15 12 15 13 18 20 233 31 24 26 
2 45 IDC 19 17 20 18 5 13 13 12 8 39 — 38 68 21 13 
3 30 AVR 29 24 21 24 16 15 15 15 43 59 45 81 38 51 
4 55  Idio 22 17 2 17 16 14 2l 17 28 28 8 28 21 30 
5 40 AVR 14 12 13 13 Hu 10 H 10 46 48 52 50 21 24 
6 56 ABL 19 16 16 5 NR NR NR NR 55 45 91 76 55 49 
7 62 HT 18 16 16 16 NR NR NR NR 15 24 1 9 0 3 
8 63 IDC 15 17 18 14 12 12 13 11 25 38 30 4l 15 17 
9 62 IDC 16 16 17 15 13 12 12 13 18 20 10 11 7 7 
a0 75 Ido 18 15 18 17 NR NR NR NR 10 63 14 62 12 55 
Mean 187* 164 181* 162 140t 126 140i] 132 27$ 38 33 46 2 28 


NR, not reached, vo, max, maximal oxygen consumption; SOB, breathlessness; PHT, 


pulmonary 
dio, idiopathic, "ABL, after atrioventricular node ablanon; HT, hypertension; IDC, idiopathic dilated cardiomyopathy 


R < 0 02 compared with chronic VVI, tp < 0 04 compared with chronic VVI; tp < 0 03 compared with chronic VVI; §p < 0 05 compared with 
Drome VVI. 


load in VDD as compared with VVI mode has been 
reported as 27! and 14%. Some patients may have 
recognised the pacing mode by feeling their pulse, 
and this could have influenced the measurement of 
maximal exercise capacity. Although our patients 
were not informed of the pacing mode at any time, it 
was impossible to prevent an intelligent patient from 
deducing it. To minimise observer bias one physi- 
cian and a cardiac technician supervised the exercise 
tests; the physician remained unaware of the pacing 
mode and the technician observed the electro- 
cardiogram during the test. 
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Fig 1 Changes ın maximal oxygen consumption (VO, 
max) during short term and long term VVI and rate 
responsive (VV I-Act) pacing. Bars represent iterquartile 
ranges. 


Exercise capacity was assessed by measuring max- 
imal oxygen consumption and anaerobic threshold. 
Assessment of maximal oxygen consumption is pre- 
cise and reproducible; but it is symptom limited and 
therefore affected by patient motivation and not to- 
tally objective. The physiological meaning of an 
"anaerobic threshold" is complex but its mea- 
surement provides a more objective assessment of 
exercise capacity.” Maximal oxygen consumption 
and anaerobic threshold increased during short term 
and long term rate responsive pacing. A recent re- 
port demonstrated an improvement in maximal oxy- 
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Fig 2 Changes in anaerobic threshold during acute and 
chronic VV I and rate responsive (VVI-Act) pacing (7 
patients). Bars represent mterquartile ranges. VO,, oxygen 
consumption at the anaerobic threshold. 


hypertension; AVR, after aortic valve replacement; 


616 


gen consumption and anaerobic threshold with 
activity responsive pacing.* This short term study 
included patients in whom there was anterograde 
conduction through the atrioventricular node dur- 
ing exercise. We excluded such patients from our 
study because the inherent capacity for a rise in 
heart rate would have interfered with our objectives. 
The fact that our patients showed a smaller mean 
rise in maximal oxygen consumption cannot be ex- 
plained by this exclusion, but may reflect their older 
age. 

Many patients do not exercise to their maximal 
capacity and it is reassuring that the present study 
confirms the impression that subjective symptoms 
are improved by rate responsive pacing. Rate re- 
sponsive pacing reduced the symptoms of breath- 
lessness and fatigue, and, interestingly, improved 
psychological symptoms, though only the effect on 
the sensation of breathlessness reached statistical 
significance. Though Humen er al demonstrated an 
improvement in anaerobic threshold but not max- 
imal oxygen consumption in six patients undergoing 
rate responsive compared with VVI pacing,’ exer- 
cise capacity in their subjects was limited by factors 
unrelated to cardiovascular performance, such as 
claudication or arthritis. 

Clearly there is an advantage in having an ade- 
quate increase in heart rate in response to exercise. A 
normal atrioventricular sequence may augment car- 
diac output at rest by about 25%,!° but during exer- 
cise the rate increase may be more important.® 
Haemodynamic function during exercise has been 
compared in patients during VDD and VVI pacing 
at a matched heart rate.!! !? In the first study cardiac 
output was 8% higher in the VDD mode, whereas in 
the second study there was no difference between 
the two modes. As these studies cannot exclude 
atrioventricular synchrony occurring by chance the 
role of atrial contribution to the cardiac output re- 
sponse to exercise cannot be fully assessed. We are 
unaware of any comparison of VDD and rate re- 
sponsive pacing. 

A dual chamber pacemaker is more complex to 
implant and program than a rate responsive pace- 
maker and is. not suitable for all patients: some may 
need an alternative form of rate responsiveness pa- 
cing. While other sensors can measure the QT inter- 
val,? respiratory rate,!* mixed venous oxygen 
saturation, * and pH,!5 we decided to evaluate the 
activity sensing pacemaker, which also provides a 
physiological heart rate response to exercise, and 
offers improved effort tolerance and symptomatic 
improvement when compared with fixed rate ven- 
tricular pacing. It is simple to implant and program, 
and may sometimes obviate thé need for dual cham- 
ber pacing, particularly in those patients with atrio- 
ventricular block and poorly controlled atrial 
tachycardias or sinus node disease. Our study dem- 
onstrates its advantage over VVI pacing and thus 
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suggests its usefulness in an important proportion of 
patients with heart block. 


We thank Medtronic Inc for financial support. 
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Treatment of angina pectoris with nifedipine: a 
double blind comparison of nifedipine and 
slow-release nifedipine alone and in combination 


with atenolol — 


T CRAKE, AA QUYYUMI, C WRIGHT, L MOCKUS, K M FOX 


From the National Heart Hospital, London 


SUMMARY The relative efficacy of nifedipine and slow-release nifedipine (Adalat Retard) in the 
treatment of stable exertional angina pectoris was evaluated in a double blind randomised cross- 
over study in eight patients on no concomitant antianginal treatment and in 10 patients who were 
additionally on atenolol. Patients were assessed by angina diaries and exercise testing. Slow- 
release nifedipine was as effective as nifedipine in the treatment of these patients, both alone and 


in combination with atenolol. 


Nifedipine is well established in the treatment of sta- 
ble exertional angina pectoris both alone! and in 
combination with ff receptor antagonists.? A slow- 
release nifedipine preparation (20 mg tablets) is now 
available for the treatment of hypertension and twice 
daily administration of this preparation is as 
effective as a daily dose of 30 mg (one 10 mg capsule 
three times a day) of the short acting preparation.? 
This is clearly more convenient for the patient and it 
may also avoid the high peak post-dose concen- 
trations of nifedipine which may contribute to side 
effects and limit its usefulness. Slow-release nif- 
edipine (Adalat Retard) is therefore being 
increasingly prescribed for the treatment of exer- 
tional angina despite any evidence to show that it is 
effective in this situation. In this study we have com- 
pared the two preparations of nifedipine both alone 
and in combination with a $ receptor antagonist in 
the ‘treatment of stable exertional angina. 


Patients and methods 


We studied two groups of patients. All were normo- " 


tensive and had stable (>3 months) exertional 
angina pectoris. All had important atheromatous 
coronary artery disease demonstrated on coronary 
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arteriography. None had suffered a myocardial 
infarction within the previous year, none had heart 
failure or respiratory disease, and none was taking 
digoxin or antiarrhythmic agents. Group 1 consisted 
of eight patients (seven men and one woman, mean 
(SEM) age 58 (7) years) and group 2 consisted of 10 
patients (nine men and one woman, mean (SEM) 
age 54 (6) years). Group 1 patients were on no other 
treatment whereas group 2 patients were taking a fj, 
receptor antagonist (atenolol 100 mg daily). Before 
entering the study all had chest pain and significant 
ST segment depression on treadmill exercise test- 
ing. Significant ST segment depression was defined 
as planar or downsloping depression of ^» 1mm 
occurring 0-08 seconds after the J point. The study 
consisted of a two week single blind placebo run in 
period followed by two treatment phases each last- 
ing two weeks during which the patients received 
either nifedipine or slow-release nifedipine in a dou- 
ble blind randomised crossover manner. Nifedipine 
was given in a dose of 10 mg three times daily for the 
first three days and then 20 mg three times daily for 
the-remainder of that phase to avoid the problems 
that occasionally arise from administering the higher 
dose.! For the same reason slow-release nifedipine 
was started in a dose of 20 mg twice daily for three 
days and thereafter increased to 40 mg twice daily. 
Throughout the study patients were encouraged to 
undertake their normal activities and used sub- 
lingual nitroglycerin for pain relief. 
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To assess the effects of treatment we used the 
angina diaries that the patients kept throughout the 
placebo run in period and the two treatment periods 
and the maximum symptom limited treadmill exer- 
cise tests that they performed at the end of each two 
week period. A standard 12 lead electrocardiogram 
was recorded before and at one minute intervals dur- 
ing exercise together with heart rate and blood pres- 
sure. Exercise tests were terminated by severe chest 
pain, hypotension, arrhythmias, exhaustion, and 
when > 3mm ST segment depression occurred with 
or without pain. The duration of exercise to chest 
pain, 1mm ST segment depression, and maximum 
exercise were noted. 

Results are expressed as mean (SEM) and data 
were compared by Student's t test for paired obser- 
vations. 


Results 
GROUP 1: NIFEDIPINE VERSUS SLOW-RELEASE 


NIFEDIPINE ALONE " 
Angina frequency was similar during the placebo 
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period and during the two treatment phases of the 
study (table 1). No patient reported symptomatic 
deterioration with either nifedipine preparation. 
Heart rate and rate pressure product at rest and at 
1 mm ST segment depression were similar with the 
two preparetions of nifedipine (table 2). Exercise 
duration to pain and to 1 mm ST segment depres- 
sion and maximum exercise duration were 
significantly prolonged by both nifedipine and slow- 
release nifedipine compared with the placebo but 
there was no difference between either preparation 
(table 1 and figure). Responses to the two prepara- 
tions varied: in three patients exercise duration to 
1mm ST segment depression was greater with slow- 
release nifedipine than with nifedipine, in four it was 
similar, and in one patient it was greater with nif- 
edipine than with slow-release nifedipine (figure). 


GROUP 2: NIFEDIPINE VERSUS SLOW-RELEASE 
NIFEDIPINE IN COMBINATION WITH ATENOLOL 
Results were similar in this group of patients. 
Angina frequency tended to be less during treatment 
with slow-release nifedipine than with nifedipine 


Tablel Angina frequency and duration of treadmill exercise to 1 mm ST segment depression, to chest pain, and to the 
termination of the test in both patient groups during the placebo run in period and the two treatment phases of the study (mean 











( SEM)) 
Duration of exercize (rman) to: 

Angina 1mm ST Termination 

( episodes|voeek ) Segment depression Chest pain of test 
Group 1 
Placebo 61(35) HE 3 60(0 9) 6:9 (0 7) 
Nifedipine 5-5 (40) 58(09)* 8 9 (0-9)* 94 (o de 
Slow-release nifedipine 53(40) 6:3(1:1)* 7-8 (0-9)* 87(08)* 
Group 2 
Placebo 7-8(3 4) 56(0-8) 6-2(0 5) 7-8(0 7) 
Nifediprne T3(29 6-20 a 6-7 (0:7) 81 (9 
Slow-release nifedipine 5519 65008 6-7 (0 8) 8'4 (0 8) 





*p < 001 compared with placebo. 


Table2 Haemodynamic function (mean (SEM)) at rest and during treadrmll exercise at 1 mm ST segment depression 


At rest At 1 mm ST segment depression 

Heart Rate Heart Rate 

rate ( beats[min) pressure product rate ( beats|min) pressure product 
Group 1 
Placebo 70(4) 10170 (2116) 111 go 20838 (1833) 
Nifedipine 73(5) 11207 (1638) 114(9) 21078(1998) 
Slow-release nifedipine T7(5) 11207 (1038) 126 (10) 22139 (1643) 
Group 2 
Placebo. 50(1 6777 9) 89( 15427 (1093) 
Nifedipine 56 (2 7601 (293 91( 16160(1260) 
Slow-release nifedipine 56 (2 7788 (383) 90 (5). 15917 (1167) 
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Group 1 
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Exercise duration to Imm ST segment depression (min) 


8 

6 

4 

2 

Q2 p ———————————A 
Placebo Nifedipine Slow-release Placebo 


nifedipine 


Figure Exercise duration to 1 mm ST segment depression 
durtng the placebo run tn period and the two treatment 
periods in groups I and 2. Indwidual patient responses are 
shown. 


and the placebo run in period but the differences 
were not significant (table 1). As in group 1, heart 
rate and rate pressure product at rest and at 1mm 
ST segment depression were similar on the two 
preparations (table 2). When the results of exercise 
testing were examined ın the group as a whole, addi- 
tion of nifedipine or slow-release nifedipine to 
atenolol did not prolong the duration of exercise to 
1mm ST segment depression or to pain or the max- 
imum exercise duration (table 1 and figure). 

Individual patients responded differently to both 
nifedipine preparations. Addition of nifedipine to 
atenolol improved exercise duration to 1mm ST 
segment depression in six patients; no change 
occurred in one and there was a deterioration in 
three (figure). Addition of slow-release nifedipine to 
atenolol produced an improvement in exercise 
duration to 1mm ST segment depression in six 
patients and a deterioration in three (figure). Four 
patients exercised for longer before the onset of ST 
segment depression on slow-release nifedipine than 
on nifedipine, two exercised for longer on nif- 
edipine, and in four patients the exercise durations 
were similar on both preparations (figure). 

Two patients complained of ankle oedema on 
nifedipine and one on slow-release nifedipine. Two 
patients experienced facial flushing and one tran- 
sient lightheadedness after nifedipine. 
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Discussion 


The patients in this study all had angina on effort 
and none gave a history of rest pain. This suggests 
that coronary flow limitation due to obstructive 
coronary artery disease was the cause of their 
symptoms rather than a change in vasomotor tone. 
Nifedipine is a calcium channel blocking agent with 
no important negative inotropic effects.) It is a 
smooth muscle relaxant causing not only peripheral 
arteriolar dilatation but also coronary vaso- 
dilatation.® Several studies have shown it to be an 
effective antianginal agent in patients with exertional 
angina, improving exercise haemodynamics and 
pain frequency both alone! and in combination with 
a B blocker.” In one study a variable response to 
nifedipine was found; although some patients 
improved at a dose of 30 mg a day they became worse 
at higher doses.! To avoid this, all patients in this 
study were started on the lower dose of nifedipine or 
slow-release nifedipine and after three days the 
higher dose was given. All of our patients were able 
to continue on the higher dose. 

Slow-release nifedipine is now being used to treat 
angina caused by obstructive coronary artery disease 
on the assumption that because the short acting 
preparation is effective a long acting preparation will 
be equally effective. This is not necessarily true and 
some preliminary unpublished data have suggested 
that slow-release nifedipine may not be effective in 
angina. Consequently, the manufacturers of the 
preparation have not been promoting its use in 
angina. The present study suggests that the slow- 
release preparation is as effective as the short acting 
preparation in angina both alone and in combination 
with a f blocker and that the blood concentrations 
obtained with the slow-release preparation are ade- 
quate. 

Previous studies have shown a synergistic effect 
between nifedipine and a f blocker.? Theoretically, 
this would be expected since the detrimental effects 
of both drugs such as tachycardia induced by nif- 
edipine will be prevented by the f blocker and any 
increase in vascular resistance induced by the f 
blocker wil be overcome by nifedipine. Con- 
sequently, these two groups of drugs are widely used 
in combination. We therefore investigated the 
efficacy of slow-release nifedipine not only com- 
pared with nifedipine alone but also in combination 
with a f blocker, atenolol. In this study the addition 
of nifedipine or slow-release nifedipine to atenolol 
produced no further benefit in the group as a whole 
in terms of angina frequency or exercise tesung, 
though individual patients did improve—six with 
nifedipine and six with slow-release nifedipine. This 
1s contrary to the findings of an earlier study in 
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which the combination of nifedipine and pro- 
pranolol was more effective than either drug alone.” 
A possible explanation for the difference between 
our results with atenolol and those with propranolol 
may be due to the selectivity of the f receptor block- 
ade. -Atenolol is a highly:.selective fj, antagonist, 
whereas propranolol is a relatively non-selective fi 
receptor antagonist. Thus the undesirable effects of 
B blockade, in particular the effects caused by f, 
receptor antagonism, such as a rise in peripheral or 
coronary vascular resistance, may have been less 
with atenolol than with propranolol and so any 
potential beneficial effects of a vasodilator may have 
been reduced. Findlay etal investigated the effects 
of nifedipine and atenolol both alone and in combi- 
nation in the treatment of stable exertional angina 
pectoris and found that the combination was more 
effective than either drug alone when compared with 
placebo’ but they did not-compare the combination 
with atenolol alone. A recent study in which the 
effects of verapamil, another calcium antagonist, and 
atenolol were compared both alone and in combina- 
tion showed that the combination of the two drugs 
was more effective than either drug alone in 
improving exercise duration.® Again this differs 
from our results and it may be because verapamil has 
greater negative inotropic effects than nifedipine. 
These will reduce myocardial work even further and 
hence energy and oxygen demands. 

Though there was no difference between the 
preparations in the groups-as a whole, individual 
patient responses were variable. Examination of 
these results shows that individual patients in both 
groups responded better to one preparation than the 
other in terms of exercise duration to 1mm ST seg- 
ment depression. This may reflect a similar phe- 
nomenon to that described previously in which a 
variation in the individual response to the short act- 
ing nifedipine was found.! Thus if an unsatisfactory 
response is obtained in one patient it may be worth- 
while trying the alternative preparation. 
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Slow-release nifedipine is an effective alternative 
to the more usual capsular preparation in the treat- 
ment of angina pectoris and could be used as the 
initial treatment in place of the capsular form alone 
or in combination with a f blocker. 
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Magnetic resonance imaging of the pulmonary 
arteries and their systemic connections in pulmonary 
atresia: comparison with angiographic and surgical 
findings | 
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SUMMARY Patients with pulmonary atresia require several investigations and operations. The 
role of magnetic resonance imaging in assessing the anatomy of the central pulmonary arteries, 
the origin and course of systemic collateral arteries, and the patency of surgical shunts has been 
studied with the aim of reducing the need for invasive angiography. Transverse, coronal, and 
sagittal images were obtained in ten adult patients and assessed without knowledge of surgical and 
angiographic data. Central pulmonary artery anatomy varied from full development to complete 
absence. Transverse slices showed hypoplastic arteries particularly well and the findings accorded 
with surgical and angiographic data in all patients. The origin and proximal course of 15 large 
collaterals were identified on the magnetic resonance images and 18 were identified by surgical 
and angiographic data. Magnetic resonance imaging did not show their distal connections; if such 
information is required angiography will be needed. Five surgical shunts were shown to be patent 
and twe'oceluded at surgery and angiography, and this was confirmed on the magnetic resonance 
images. 'The patency of a further four shunts was uncertain, but they were not seen by magnetic 
resonance and were presumed to be occluded. 


Patients with pulmonary atresia depend upon 
branches of the systemic circulation to provide a 
pulmonary blood supply. Development of pul- 
monary arteries centrally and segmentally is vari- 
able, as is the size and number of the systemic 
collateral arteries, and there tends to be an inverse 
relation between the two.! Successful palliative or 
radical reparative surgery depends on complete 
demonstration of both, and currently this informa- 
tion cannot be obtained non-invasively, but requires 
angiography with multiple contrast injections and 
selective catheterisation of individual collateral arte- 
ries.?^* It is also important to establish the state of 
surgical shunts.? 
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The role of magnetic resonance imaging in assess- 
ing the anatomy of the central pulmonary arteries, 
the origin and course of systemic collateral arteries, 
and the patency of surgical shunts has been studied 
and compared with angiographic and surgical 
findings with the ultimate aim of reducing the need 
for invasive investigation. 


Patients and methods 


We studied 10 adult patients (seven men and three 
women aged 19-40 (mean 24)). We chose to study 
adults because sedation was not used and it was 
essential for the patients to lie still during the acqui- 
sition of the images. Hight had a subaortic ventricu- 
lar septal defect with normal atrioventricular 
connections. Two had abnormal atrioventricular 
connections. Up to the time of the study a total of 39 
angiographic investigations and 13 operations had 
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Table 





Patient No 
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been performed in the 10 patients (table). 

The magnetic resonance images were acquired 
with a Picker International Vista MR2055 machine 
with a superconducting magnet operating at 0:5 T. 
A spin echo sequence (echo time 40 ms) was used, 
and the radiofrequency signals were received with 
specially constructed thoracic surface coils. Images 
were acquired in transverse, coronal, and sagittal 
planes through the area of interest. Six or eight 1 cm 
thick tomographic slices were obtained simul- 
taneously with electrocardiographic gating. Where 
indicated these were repeated with an offset of 
0:5 cm to give an interleaved set of 1 cm thick slices 
0:5 cm apart. The pixel size was 12mm x 1-2mm 
and each group of slices was obtained over 256 car- 
diac cycles, consisting of two acquisitions for each of 
128 phase encoding steps. In order to maximise the 
contrast between moving blood and soft tissue, data 
acquisition was concentrated into the systolic 
period, and by use of the minimum repeat time it 
was possible to acquire eight slices within 560 ms of 


Data on patients 


Diagnosis 





t3 


6 


10 


28 M Pulmonary atresia, tricuspid atresia 
23 M Pulmonary atresia, VSD 

22 M Pulmonary atresia, VSD 

22 M Pulmonary atresia, VSD 

19 M Pulmonary atresia, TAPVD, single 

atrium, single ventricle 

19 M Pulmonary atresia, VSD 

19 M Pulmonary atresia, VSD 

40 F Pulmonary atresia, VSD 

28 è Fallot: acquired pulmonary atresia 

19 F Pulmonary atresia, VSD 





Fig 1l 
slice in pctient 8 showing hypoplastic central 
pulmonary arteries ( arrows). The aortic arch 
(AA) is zo the right. LA, left atrium; RA, right 
atrium; T, trachea; VS, ventricular septum. 


Magnetic resonance image of coronal 





Angiography 

Date Findings 

1964 

1970 

1976 

1977 LPA seen 

1979 Small RPA, no LPA 

1982 Shunt blocked, multiple collaterals 

1985 No PAs seen 

1965 

1974 4 collaterals from descending aorta 

1978 Small central PAs 

1980 Patent shunt 

1966 

1969 3 collaterals: no PAs seen 

1976 2 collaterals: no PAs 

1978 LPA seen 

1985 No shunt seen 

1965 No PAs seen 

1975 

1981 Patent shunt 

1986 Patent shunt: small RPA: 1 collateral on right 

1969 

1978 

1983 No PAs seen 

1984 

1969 

1974 Multiple small collaterals: no PAs scen 

1977 Small central PAs 

1980 Confluent PAs 

1984 Both shunts patent: | collateral on right 

1971 

1976 No PAs 

1979 2 collaterals to left, 1 collateral to right 

1945 

1984 Collaterals to right and left: PAs not seen 

1984 1 collateral to left, 2 collaterals to right, small 
confiuent PAs 

1963 Confluent PAs, no collaterals seen 

1966 

1972 No PAs scen, 1 collateral 

1981 2 collaterals to right, 1 collateral to left 


Ao, aorta; collateral, systemic-pulmonary collateral artery; L, left; PA, pulmonary artery; PT, pulmonary trunk; R, right; SA, subclavian artery; 
l'APVD, total anomalous pulmonary venous drainage; VSD, ventricular septal defect. 


Magnetic resonance imaging in pulmonary atresia 





Fig2 Magnetic resonance image of transverse slice in 
patient 6 showing hypoplastic central pulmonary arteries 


(arrows). AsA, ascending aorta; SVC, superior vena cava; 


LSVC, left superior vena cava; DA, descending aorta. 





Surgery 

Date Findings Procedure 

1972 Attempted Ao-RPA shunt 

1979 LPA 5mm Duramater Ao-LPA shunt 

1982 LPA and shunt block Exploration LPA 

1979 Small confluent PAs Ao-PT direct shunt 

1969 2:5 mm left hilar vessel Left Ao-collateral shunt 

1965 Small LPA Left Blalock shunt 

1984 No PAs: 2 collaterals to right RSA-collateral shunt 

1978 RPA present Right Blalock shunt 

1982 LPA 5mm Left Blalock shunt 

1978 3mm right hilar vessel Right Ao-collateral shunt 
Confluent PAs, 

1984 LPA 3mm, RPA 2mm Ao-confluence shunt 

1963 RPA present Left Blalock shunt 

1981 LPA 5 mm, 2 collaterals to left Left Blalock shunt 
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the R wave. The magnetic resonance images were 
interpreted without knowledge of the other findings 
and were subsequently compared with the most 


recent angiographic and surgical data. 
Results 


The table summarises the results. Confluent pul 
monary arteries were seen on the magnetic reso 
nance images in six patients (figs 1 and 2). Thes 
could be readily identified from their shape and pos 
ition in the mediastinum. In five the picture 
accorded with the angiographic and surgical 
findings. In the sixth (patient 5) no central pul 
monary arteries were seen at angiography or 
surgery, but they could have been missed owing to 
their small size. 

A total of 15 collateral origins from the descending 
aorta could be identified on the magnetic resonance 
images compared with 18 on angiography (figs 3 and 
4). Two were missed in patient 10, but the images 
were technically inadequate. It was possible to fol- 


Magnetic resonance Patien 


Small LPA, no RPA 

No collaterals 

No shunt seen 

Confluent PAs 

2 collaterals to left 

1 collateral to right and left 
Ao-PA shunt patent 


Confluent PAs 

1 collateral to right 
1 collateral to left 
No shunt seen 


Large LPA: small RPA 
No collaterals 
Patent shunt 


Confluent PAs 
I collateral to right 
No shunt seen 


Confluent PAs 

1 collateral (?) side 

Patent shunts 

No PAs seen 

3 collaterals to left, 1 collateral to right 

Patent shunt 

Confluent PAs 8 
2 collaterals to left 

1 collateral to right 

No shunt seen 

Confluent PAs. No collaterals 

No shunt seen K 


Non-confluent PAs 
1 collateral to left 
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low the course of most of the collaterals to the hilum, 
but not possible to establish their distal connections 
and interconnections. This is in contrast with selec- 
tive angiography where such information can usu- 
ally be obtained. 

The magnetic resonance images and angiographic 
and surgical findings showed that five of the 11 sur- 
gical shunts were patent and two were blocked (figs 
5 and 6). The state of the other four shunts on the 
angiograms was uncertain, but as they were not seen 
on the magnetic resonance images they were 
assumed to be occluded. 


Discussion 


Many patients with pulmonary atresia who survive 
into adult life have undergone multiple 
investigations and operations, like the ten patients in 
this study. At catheterisation there are practical 
problems in providing a complete angiographic 
assessment. Aortic flow is usually high so that 
aortography alone is inadequate. Selective cath- 
eterisation is necessary and failure to intubate all the 
branches is common, so that even in the first 
instance more than one investigation may be 
required to demonstrate the complete anatomy.° 
The vital information is the size and connections of 
the central pulmonary arteries, which may be 
difficult to see on angiography as they are rarely con- 
nected directly to the aorta and fill only by retro- 
grade flow.’ In some instances pulmonary venous 
wedge angiography may be necessary to demon- 
strate them.” These vessels could be easily identified 


Fig3 Magnetic resonance image 
of transverse slice in patient 8 
showing origin of systemic- 
pulmonary collateral (arrow) from 
descending aorta which ts of a 
similar diameter. The vessel has a 
stenosis and passes to the left hilum. 
SVC, superior vena cava; AA, 
ascending aorta; DA, descending 
aorta. 


on the magnetic resonance images from their resem- 
blance to a seagull in flight and their position in the 
mediastinum.? 

In contrast, the number of origins of collateral 
arteries arising from the descending aorta were 
underestimated on the magnetic resonance images; 
this may be because it is difficult to be certain about 
the number of origins from the aorta on selective 
angiography. as an early bifurcation may lead to an 
overestimation. Beyond the origin of these vessels, it 
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Magne:ic resonance image of transverse slice in 
patient 3 showing origin of systemic-pulmonary collateral 
(arrows) from descending aorta (DA) passing to left hilum. 
ASA, ascending aorta. 


Magnetic resonance imaging in pulmonary atresia 





Fig5 


was possible in most instances to follow them to the 
hilum but not possible to establish their distal vascu- 
lar connections. This information is of importance 
when planning operation, as the number of seg- 
ments in the lungs to which the true pulmonary arte- 
ries, as opposed to collateral arteries only, are 
connected is an important determinant of prog- 
nosis.” '' Selective angiography remains the only 
method of demonstrating such connections and 
therefore will still be required for this purpose. 
There was good agreement between the magnetic 
resonance and the angiographic and surgical 
findings on the state of surgical shunts. In those four 
patients in whom the state of the shunt was uncer- 
tain from the angiographic data, failure to visualise a 


Magnetic resonance images of contiguous transverse slices (a-d) in patient 5 showing widely patent left Blalock shunt 
(LBS). Slice ats cranial at the level of the aortic arch and slice d caudal through the hilar region. AA, aortic arch; AsA 
ascending aorta; DA, descending aorta; LSVC, left superior vena cava; T, trachea; LPA, left pulmonary artery 


patent shunt by magnetic resonance was an indi- 
cation that the shunt was likely to be occluded 
Magnetic resonance imaging in pulmonary atresia 
provides an alternative non-invasive method of 
obtaining much of the anatomical information 
required to plan surgical treatment and should 
reduce the need for invasive angiography in these 


patients. 
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Cross sectional echocardiographic assessment of 
great artery diameters in infants and children 
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SUMMARY The pulmonary trunk and aortic root were measured on cross sectional echo- 
cardiograms in 173 normal subjects aged from one day to 15 years. Fifteen neonates were re- 
examined 3-6 days later. The great vessels were visualised in the parasternal long axis and short 
axis views. All measurements were made in end diastole and end systole by the leading edge 
method. The internal diameter (inner surface to inner surface) of the pulmonary trunk was also 
measured. The diameters of the great vessels correlated best with the square root of body surface 
area. Individual variability in cardiac growth gave a wide scatter of normal values. This was 
controlled for by calculating the ratio of the pulmonary trunk to aortic root for each subject. This 
ratio showed little individual variability and, except for the neonatal period, was remarkably 
constant throughout infancy and childhood (1-06 (0-06)). In the first 24 hours of life the ratio of 
the pulmonary trunk to the aortic root was significantly larger (1:29 (0:12)) but within one week 
it decreased to the “normal” ratio found in the older age groups. 

These normal data should be useful in assessing patients with congenital heart disease, partic- 


ularly those in whom pulmonary blood flow is abnormal. 


Congenital heart disease is often associated with 
increased or decreased pulmonary artery blood flow 
or blood pressure. The relation between pulmonary 
artery diameter and pulmonary flow or pressure 
has been evaluated in pathological, ^ angio- 
cardiographic!^ and, more recently, echo- 
cardiographic studies.?* In children with a left to 
right shunt excellent correlations have been found 
between shunt size and pulmonary artery diameter 
on cross sectional echocardiograms, particularly 
when pulmonary artery size was related to the 
diameter of the aortic root." In patients with 
decreased pulmonary flow, as in tetralogy of Fallot, 
the diameter of the pulmonary artery has been used 
as an important criterion for selecting patients for 
total correction." 

Few cross sectional echocardiographic data are 
available on the normal values of pulmonary trunk 
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and aortic root size in children.? "^ " Some results are 
controversial because of the echocardiographic view 
and measuring techniques that were chosen. To pro- 
vide normal values through a wide range of ages and 
body surface areas, we measured the diameter of the 
great vessels in a large group of neonates, infants, 
and children and we analysed some variables which 
might influence these measurements. We also did 
repeat studies on a subgroup of 15 neonates to deter- 
mine the changes that occurred in the first week of 
life. 


Patients and methods 


We studied 173 children (97 boys and 76 girls} in 
whom good quality cross sectional echocardiograms 
were obtained. Physical examination, an electro- 
cardiogram, and the echocardiogram itself helped to 
exclude cardiac disease. Patients with respiratory 
disorders, severe anaemia, a febrile illness, or a dis- 
ease known to alter cardiac function were excluded. 
Two groups of subjects were evaluated. 

Group I consisted of 20 normal neonates from the 
Maternity Hospital. Mean (1 SD) gestational age 
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was 39-5(0-9) weeks and mean weight was 
3-41 (0-30) kg. This group was further subdivided 
according to age. Subgroup 1A was 10 neonates 
examined within 12 hours of birth and subgroup 1B 
10 neonates examined between 12 and 24 hours of 
life. Fifteen of these 20 infants were restudied 3-6 
days after the initial examination. 

Group 2 consisted of 153 infants and children, 
aged one week to 15 years (mean 4:4 years). They 
were taken at random from the outpatient or 
inpatient services of the hospital or were the chil- 
dren of employees of the hospital or medical school. 
In selecting subjects we tried to obtain a more or less 
equal distribution across the age groups and range of 
body surface area. Weight and height were reported 
at the time of echocardiography. The body surface 
area was calculated by the Boothby and Sandiford 
modification of the Dubois nomogram.’ 


ECHOCARDIOGRAPHIC STUDIES 

Cross sectional echocardiographic examinations 
were performed with an ATL/ADR mechanical sec- 
tor scanner with 3:5 or 5 MHz focused transducers. 
The instrument had built-in movable electronic cal- 
lipers which automatically calculated the distance 
between two points. All diameters were directly 
measured on the video screen of the scanner. The 
subjects were examined in the supine or left lateral 
decubitus position. The pulmonary artery was 
imaged in the parasternal right ventricular long axis 
view. This section allows good visualisation of the 
entire right ventricular outflow region, the pul- 
monary valve, and the pulmonary trunk. The 
diameter of the pulmonary trunk was measured at 
the pulmonary valve level (fig la). The aortic root 
diameter was imaged in the parasternal left ventricu- 
lar long axis view and its diameter was measured 
distal to the sinuses of Valsalva (fig 1b). In addition, 
both great arteries were imaged simultaneously in 
the parasternal short axis view. In this instance the 
diameters of the pulmonary trunk and aortic root 
were measured at valve level. 

Measurements were made by the leading edge 
method. This technique could not always be applied 
reliably to the pulmonary artery imaged in the para- 
sternal short axis view. For comparison we used 
both methods (leading edge and inner to inner sur- 
face) to measure the pulmonary trunk in the para- 
sternal long axis view. All measurements were 
obtained in both end diastole (at the onset of QRS) 
and end systole (at the onset of the T wave). We took 
the mean value of three measurements. We also cal- 
culated the ratio of the pulmonary trunk to the aortic 
root in end systole and end diastole. 


STATISTICAL ANALYSIS 
We used a regression mode to express each echo 
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measurement as a function of body surface area. In a 
preliminary evaluation the echo measurements were 
analysed as linear, logarithmic, square root, and 
cube root functions of body surface area. The func- 
tion that had the smallest residual sum of squares 
and the highest correlation coefficient was used in 
the final regression equation. The pulmonary trunk 
to aortic root ratio was determined from the para- 
sternal long axis and short axis views and analysed as 
a linear function of the body surface area (table 1). 





Fig] Echocardiographic views used for measuring the 
diameters of the great arteries. (a) The pulmonary trunk was 
visualised in the parasternal long axis view of the right 
ventricular outflow tract. Measurements were made at the 
pulmonary valve level in end systole. One of the opened 
pulmonary valve leaflets is visible (arrow head). (b) The 
aortic root was visualised in the parasternal left ventricular 
long axis view. Its diameter was measured distal to the sinuses 
of Valsalva, where the aorta assumes a more cylindrical 
shape. A minimum gain was used to obtain clear and thin 
echo lines. AO, aortic root; PA, pulmonary trunk; LA, left 
atrium; LV, left ventricle. 
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Tablel Regression equations relating echocardiographic diameters of the great arteries to body surface area in 153 infants 


and children (group 2) 





View Variable Regression equation r RSS SEE 
LAX PA 0031 + 2258 (BSA)% 0 96 3-38 0 05 
Ao 0 084 + 1-944 (BSA)'A 0 96 276 0-04 
PA:Ao 1-062 + 0025 (BSA) 0-07 1-02 002 
SAX PA 0-108 + 1 969 (BSA)A 096 2:97 004 
Ao 0153 + 1-958 Bay 0-95 3-31 0-05 
PA:Ao 0 967 + 0013 (BSA 0-04 0 88 0-02 


PA, pulmonary artery trunk; Ao, aortic root; LAX, 
scaicdoareie equam ci BSA. body surfece ered: 
leading edge method. 


The 95% confidence interval was determined 
according to the following equation!? !1: 


X ET iy 1/2 
y, + [2F (0 DOE + N+ iG = a 


In this equation the variables are y, = calculated 
values corresponding to each x,; € = mean value; x, 
= x coordinates; N = number of points; F value: 
first number — level of confidence desired, second 
— the number of variables estimated, third — the 
number of degrees of freedom for error; &(y) = 
square root of the residual mean squares. 


Results 


measurements were 
expressed as four functions of body surface area. In 
infants and children (group 2) the great vessel 
diameters were best fitted to the square root function 
of body surface area. Figure 2 shows the mean values 
and 95% prediction intervals. Table 1 lists the 


. regression functions for these measurements and 


body surface area. The correlation coefficients were 
very high (r > 0-95) and they were similar for mea- 
surements in the long axis and short axis parasternal 
views. 


ernal long axis; SAX, parasternal short axis; r, correlation coefficient; RSS, 
standard error of the estimate. All measurements were made in end systole by the 


'The pulmonary trunk to aortic root ratios, deter- 
mined in the long axis and short axis views, were 
independent of body surface area (table 1) and the 
regression equation demonstrated a nearly straight 
horizontal line (fig 2c). 

Neonates (group 1) differed from the main study 
population (group 2) in several respects (table 2). 
The pulmonary trunk was relatively large in the first 
12 hours of life. Slightly but significantly smaller 
diameters were found in the groups that were 12-24 
hours, 3-6 days, and 1-3 weeks old. In the 3-6 
month age group the dimension of the pulmonary 
trunk was again equal to that at birth and from three 
months onwards there was a steady increase in pul- 
monary trunk size, related to age and body surface 
area (fig3). In contrast, the aortic root dimension 
increased gradually with age from birth onwards. 
This difference in growth pattern was also expressed 
by the pulmonary trunk to aortic root ratio. In group 
1A (age <12 hours) the pulmonary trunk to aortic 
root ratio was 1-29(0-12). This value was 
significantly larger (p < 0-005) than in neonates 
aged 12-24 hours, in whom the ratio of the pul- 
monary trunk to the aortic root was 1-12 (0:10). In 
neonates aged 1-3 weeks the pulmonary trunk to 
aortic root ratio was 1-08 (0-05), which was not 
significantly different from the mean value in older 


'Table 2  Echocardiographic measurements (mean ( SD)) of the diameter (cm) of the great arteries m neonates, infants, and children 


Chmcal data 
Age &12h 12-24h 3-6 day 1-4 wk 1-3 mnth 3-6 mnth 6-12 mnth lwk-15yr 4h-15yr 
No 10 10 15* 8 21 17 12 153 173 
Wel (ke) 3-40 S 27) 3-42 (0 33) 3 40(0 29) 3 32 (0-40) 492 6 oo 5-62(1 od 767(0 i 
BSA (m^) 0-21(0 01) 0-21 (0 01) 021(0 01) 021(001) 0-26(0 02 0-29 (0 04, 0-37 (0 03, 
Parasternal long axis 
PA 115(0 09) 1-02 (0 1-01 (0-09) 1 05 (0 05) 1 09(0-11) 1-19(0 i» 1:41 (0 14) 
Ao 0:89 (0 09) 0-92 (0 09) 0-93 (0 07) 0-98(0 07) ~- 10610 05) Lone 13 1:34(0 13) 
PA:Ao 1-29 (0 12) 1-12(0 10) 1-09 (0 08) 1-08 (0 05) 1-06 (0 09 1-07 (0-08) 1-05 (0-06) 1-05 (0 06) 1 09 (0 09) 
Par short axis 
PA 1050 08 0 98(0 ret ath 99 (00€ 1120-1) 115(012) 1301013 
Ao 0 94(0 12 096 0-98 (0 10 0 99(0-08 132(011 1-2(0 1) 1-39 (0 13 
_PA:Ao 113(0 13, 1-02 (0-10, 099(0-11) 1-04 (0-10 0 97 (0-09) 0-96 (0 09) 0 96 (0 06, 0 96 (0-06) 0 99 (0 09) 


*These 15 subjects belong to the group of 20 neonates who were examined withm 24 hours after birth. They were restudied 3-6 days after the initial 


on. 
See footnote to table 1 for abbreviations. 
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infants and in group 2 as a whole (1-05 (0-06)). 

Eight of the 10 neonates in whom the echo- 
cardiographic diameters were obtained in the first 12 
hours were restudied during the first week of life. 
The pulmonary trunk to aortic root ratio decreased 
considerably within one week after birth in all eight 
cases (fig 4). 

Table 3 shows the differences between mea- 
surements of the great arteries obtained by different 
methods: in systole versus diastole, from the para- 
sternal short axis view versus the long axis view, and 
the internal diameter of the pulmonary trunk versus 
the diameter obtained by the leading edge method. 
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Fig2  Echocardiographic diameters (in cm) of 
the pulmonary trunk (a) and the aortic root (b) 
and (c) the pulmonary trunk to aortic root ratio 
plotted against body surface area (m?) m 153 
normai children aged 1 week to 15 years. 


'The diameter of the pulmonary trunk and aortic root 
was slightly larger in systole than in diastole (p « 
0-001). The mean value of the pulmonary trunk 
increased by 4-396, the mean value of the aortic root 
by 3-495, while the pulmonary trunk:aortic root 
ratio remained unchanged. The pulmonary trunk in 
the parasternal short axis view was slightly smaller 
than in the long axis view (p « 0:001), whereas the 
aortic root in the parasternal short axis view was 
larger than in the long axis view (p « 0:001). Con- 
sequently, the pulmonary trunk to aortic root ratio 
in the parasternal short axis view (0-99) was smaller 
(p « 0-001) than in the long axis view (1:09). The 
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Fig3 Pulmonary trunk to aortic root ratio (mean ( SD) ) in different age groups during the first year of life compared 
with the mean value for all 153 subjects in group 2 (aged one week to 15 years). 


internal pulmonary trunk diameter (mean 1:55 cm) 
and the pulmonary trunk to aortic root ratio (1:05) 
derived from measurements of the internal diameter 
of the pulmonary trunk were slightly but 
significantly (p « 0-001) smaller than those obtained 
by the leading edge method (mean 1:62 cm for pul- 
monary trunk diameter and 1-09 for pulmonary 
trunk to aortic root ratio). 


Discussion 


In contrast with the large number of M. mode echo- 
cardiographic studies on aortic root dimension in 
normal children!? ^19 there are only a few reports of 
pulmonary trunk size.'5!7 Simultaneous visual- 
isation of both pulmonary arterial walls on M. mode 
echocardiograms was difficult and measurements of 
the vessel diameter were unreliable!? or gave widely 


15 
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Fig 4 Sequential measurements of trunk to 
aortic root ratio in eight neonates during the first week of life. 


scattered — values. Cross sectional echo- 
cardiographic data on pulmonary trunk size are 
equally scant. Sahn et al obtained normal values for 
cardiac and great vessel dimensions in the fetus and 
immediately after birth.!? Aortic root and pul- 
monary trunk dimensions were reported by Snider 
et al in 110 normal subjects from the neonatal period 
to adulthood. The usefulness of their data is limited 
by the choice of the echocardiographic sections: for 
simultaneous visualisation of both great arteries the 
investigators selected the parasternal short axis view 
which, according to their own experience, causes 
considerable underestimation of the pulmonary 
artery size. This was confirmed in our study. We 
found it more difficult and time consuming to obtain 
a satisfactory image of the wall of the pulmonary 
trunk in the parasternal short axis view than in the 
parasternal long axis view and we also tended to 
underestimate the pulmonary trunk size in the short 
axis view, although the difference was less pro- 
nounced than that observed by Snider er al.® 

Our results indicate that, with the exception of the 
first weeks of life, the dimensions of both great arte- 
ries show a linear correlation with the square root of 
the body surface area. This function also gave the 
best fit in an earlier cross sectional echo- 
cardiographic study.® In M mode studies the size of 
the aortic root varied linearly with body surface 
areal? 1516 or in relation to the cubic root of the 
body surface area.!* The graphic representation 
(fig 2) of the dimensions of great artery over a large 
range of body surface area should be useful in identi- 
fying abnormalities, particularly defects causing a 
left to right shunt)? tetralogy of Fallot, or 
coarctation of the aorta.!? 

The pulmonary trunk to-aortic root ratio was 
remarkably constant (mean 1:05(0-06)) in infants 
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Table 3 Influence of method of measurement on dimensions of great arteries in infants and children (n = 173) 





Variable Dimension Mean valus of measurement (cm) Difference of the means p value 
Duastole versus systole 

Phase of cardiac cycle PALAX) 162 169 0-07 «0 001 
Ao(LAX) 149 154 005 «0:00r 
PA: Ao(LAX) 109 110 001 NS 

Short axis versus long axis 

Echocardiographic plane PA 154 162 0 08 «0 001 
Ao 156 1-49 007 <0 001 
PA:Ao 0-99 1:09 0-10 «0 001 

Internal diameter versus leading edge 
Measuring technique PA(LAX) 155 162 0 06 «0 001 





See footnote to table 1 for abbreviations. 


aged more than one month and throughout child- 
hood; this gave a nearly straight horizontal 
regression line and a narrow confidence interval for 
the relation between pulmonary trunk to aortic root 
ratio and body surface area (fig 2). The finding that 
the pulmonary trunk is slightly larger than the aortic 
root confirms the results of previous studies on 
smaller numbers of normal children, in which the 
same echocardiographic view (parasternal long axis) 
and measuring sites were selected.) 7 Our results do 
not accord with those of Snider etal who found a 
wide scatter of pulmonary trunk to aortic root ratios 
and a pulmonary trunk dimension smaller than the 
aortic root dimension in most children.Ó This 
difference may be partly explained by their use of 
the parasternal short axis view which, as shown in 
our study, leads to underestimation of the pul- 
monary trunk dimension and overestimation of the 
aortic root dimension. 

We did not attempt to validate our results against 
invasive techniques or postmortem measurements. 
Our data, however, generally accord with such stud- 
ies. Sievers et al reported on the angiocardiographic 
dimensions of the great arteries in 24 normal chil- 
dren.* The mean values of pulmonary trunk dimen- 
sion (at the pulmonary valve level) and aortic root 
dimension (just distal to the sinuses of Valsalva) give 
8 pulmonary trunk to aortic root ratio of 1-06 in sys- 
tole and 1-07 in diastole. In a pathological study De 
la Cruz et al reported that the ratio of the square of 
the orifice of the pulmonary artery to the aortic root 
was 1:16,! which is slightly larger than the ratio of 
the great vessel diameters that we obtained. The 
considerable change in the dimensions of the great 
arteries that we found in the first days of life have not 
been reported before. Sahn etal reported normal 
data on great vessel diameters!? but this study was 
limited to the cardiac anatomy of the fetus in the 
second half of pregnancy and the neonate in the first 
36 hours after birth. In their study, which included 
neonates, Snider et al related great vessel diameters 


solely to body surface area and not to age, which 
makes it impossible to detect very early age-related 
changes. As expected the pulmonary trunk diameter 
was found to be relatively large at birth. Sur- 
prisingly, however, this dimension decreased rap- 
idly. The largest diameters were noted in neonates 
who were «12 hours old. Significantly smaller 
diameters were found in those aged 12-24 hours and 
3 days-3 weeks. In the 3-6 month age group the 
mean pulmonary trunk diameter was again equal to 
the measurement at birth and from three months on 
there was a steady increase in pulmonary trunk size 
that was related to body surface area and age. By 
contrast, the aortic root dimension increased gradu- 
ally from birth onwards. Consequently the pul- 
monary trunk to aortic root ratio was greatest during 
the first hours of life but by one week had decreased 
rapidly to reach the “normal” value obtained in 
older infants and children. This change was dis- 
tinctly shown in a subgroup of eight neonates in 
whom echocardiographic examinations were per- 
formed within 12 hours after birth and repeated in 
the course of the first week of life. Obviously, post- 
natal physiological changes of the circulation pro- 
foundly affect the size of the great arteries. The 
rapid decrease in the size of the pulmonary trunk 
coincides with the dramatic decrease in pulmonary 
vascular resistance and pressure and the redis- 
tribution of blood flow after birth, as extensively 
shown in fetal lambs.?°. 

The dimensions of the great arteries varied 
depending on the measuring technique. We system- 
atically used the leading edge method which has 
been shown to be the most accurate.?! In some chil- 
dren, however, this method was found to be 
unreliable when used to measure the pulmonary 
trunk diameter from the parasternal short axis view. 
In this view the anterior edge of the pulmonary 
artery tends to be blurred. In these subjects only the 
inner diameter could be assessed. In an attempt to 
evaluate the effect of the measuring technique on 
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vessel diameter we used both methods (leading edge 
to leading edge and inner to inner surface) to mea- 
sure the pulmonary trunk in the parasternal long 
axis view. The internal diameter measurement gave 
slightly smaller values than the leading edge 
method. The fact that the difference was very small 
(mean 0-06 cm) and negligible for clinical purposes 
may'be'because of our echocardiographic technique. 
We used a high resolution system and a minimum 
gain to obtain clear and thin echo lines and this 
somewhat reduced the wall thickness of the vessel. 

When it is imaged in the parasternal plane, and 
particularly from the short axis view, the pulmonary 
trunk appears to change size with the cardiac cycle. 
We therefore measured the diameters of the great 
arteries in systole and diastole. Previous studies have 
shown that the cross sectional area of the aorta 
increases 5% -10% .during systole while that of the 
pulmonary artery increases 2% to 1895.2? 25 Similar 
changes in diameter were seen in our study when the 
great artery dimensions were measured in the para- 
sternal long axis view. The mean end systolic aortic 
root diameter was 3:4% larger than the end diastolic 
diameter, while the pulmonary trunk diameter 
increased by 4:3%. As these changes "occurred 
simultaneously the pulmonary trunk to aortic root 
ratio was not influenced by the cardiac cycle. In the 
parasternal short axis view no consistent pattern in 
the systolic-diastolic changes was found..In most 
patients the diameter of the pulmonary trunk 
increased in systole, but in some it decreased. This 
decrease has also been reported by others when they 
measured the pulmonary trunk in the parasternal 
short axis view and has been attributed to a systolic 
movement of the pulmonary artery in such a way 
that the examining- plane no longer passes through 
the centre of the vessel.?^ Our results indicate that 
this factor has no major influence in the parasternal 
long axis view in which we found a small but consis- 
tent systolic increase in the size of the pulmonary 
trunk. 

Our.study provides: normal values for cross sec- 
tional echocardiographic measurements of the pul- 
monary trunk and aortic root in neonates, infants, 
and children. We found that the parasternal long 
axis view was more reliable than the short axis view 
for measuring the pulmonary trunk. In contrast with 
‘the fairly wide 95% confidence intervals for pul- 
monary trunk and aortic root size, the pulmonary 
trunk to aortic root ratio showed little individual 
variability and was remarkably constant throughout 
infancy and childhood. The graphs relating these 
measurements to age (in neonates) or body surface 
area (in children older than one week) should be use- 
ful in assessing patients with congenital heart dis- 
ease, particularly those with a decrease or increase in 
pulmonary blood flow. 
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Pathological changes induced by repeated 
percutaneous transluminal coronary angioplasty 
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SUMMARY The histopathological appearances of seven coronary arteries obtained from four 
patients after repeated percutaneous transluminal coronary angioplasty were analysed. A complex 
picture was found; typically there were ruptured atherosclerotic plaques, plaque dissection, and 
a fibrous tissue response. The histopathological appearance of older and more recent fibrous 
lesions was different. Older lesions contained more collagen and elastin fibres, whereas recent 
ones had more loosely arranged connective tissue containing abundant glycosaminoglycan and 
readily identifiable cells. The fibrous tissues tended to be damaged at the sites of previous injury 
and where the vessel wall was thinnest. In five of the seven arteries there was evidence of a 
repeated fibrous response to injury with partial or total rupture of the original media. In one 
instance a repair response within a pre-existing atherosclerotic plaque had caused restenosis. 

"The results indicate that restenosis after repeated percutaneous transluminal coronary angio- 
plasty, like restenosis after a first procedure, is mainly the result of fibrocellular tissue response 
to injury of the wall tissues. Because older (that is more mature) repair tissue contains fewer cells 
and more connective elements than younger repair tissue (that is the loosely arranged connective 
tissue found soon after angioplasty), when it is disrupted by a further angioplasty procedure it is 
less capable of producing tissue that will obstruct the lumen. This may explain why in the 
majority of patients with restenosis repeated percutaneous transluminal coronary angioplasty is 
successful. The present study also showed that occasionally plaque haemorrhages may become 
organised and incorporated into the pre-existing atherosclerotic lesion. 


Restenosis 1s a major complication of percutaneous the consensus is that in most instances restenosis is 


transluminal coronary angioplasty. Follow up angio- 
graphy showed a high frequency (33:695) of 
restenosis 1n patients on a register of percutaneous 
transluminal coronary angioplasty procedures.! 
Treatment of coronary restenosis by repeat per- 
cutaneous coronary angioplasty has a high immedi- 
ate success rate and a low complication rate, but fol- 
low up angiographic examinations showed 
restenosis in 34% of these patients.” 

Pathological changes underlying restenosis after a 
first coronary angioplasty procedure have been rec- 
ognised.>~1* Although several questions still remain 
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caused by fibrocellular proliferation which is proba- 
bly prompted by injury to the vascular smooth mus- 
cle cells. There are two reports of restenosis caused 
by atherosclerotic plaques in the absence of mor- 
phological lesions that were attributable to the 
angioplasty procedure.? !? 

To the best of our knowledge the pathological 
changes found after repeated percutaneous trans- 
luminal coronary angioplasy have not been 
described before. 


Patients and methods 


The heart specimens were obtained from four 
patients. Table 1 gives the relevant clinical data. 
Repeated percutaneous transluminal coronary 
angioplasty of seven arteries had been performed 
because of recurrent angina pectoris and associated 





636 Ueda, Becker, Fujimoto 
Table 1 Clinical data associated with pathological findings 
Atherasclerosts of 
Case — Age(yr) Sex ‘Chmcal diagnosis PTCA Site of PTCA Noof PTCAs other coronary arteries Cause of death 
1 63 M AP, SMI, AMI Elective and emergency RCA (1) 3 Moderate in distal part AMI 
LAD (6) 5 of RCA, LAD, and LCx 
LCx (11) 2 
Diag (9) 4 
2 68 M AP, SMI Elecnve LAD (6, 7) 2 Severe in RCA and LCx AMI 
3 54 M __ AP, chronic renal Elective LAD (7) 2 Moderatein RCAand LCx AMI 
failure 
4 72 M AP, AMI Elective and emergency LAD (6,7) 1 Moderate m RCA AMI 
LCx (11) 2 
OM (12) 1 
The numerals in eses indicate the arterial segment according to the American Heart Association Committee Report.?? Moderate atherosclerotic 


parenth 
lesions, 50-75% stenosis, severe atherosclerotic lesions > 75% stenosis. AMI, gonte myocardial infarction, AP, 
apteribr descending coronary- artery; LCA, main left coronary artery; LCx, left 


transluminal coronary angioplasty; RCA, right coronary artery; SMI, scarred 


restenosis. Patients had had from one to five per- 
cutaneous transluminal coronary angioplasty pro- 
cedures. Table 2 shows the interval between the last 
percutaneous transluminal coronary angioplasty 
procedure and death. - 


Pathological examination 


In each case the complete heart: was available for 
study. After fixation in buffered formalin, the coro- 


angina pectoris; di 
circumflex artery; OM, obtuse marginal artery; 
myocardial mfarct. 


nary arteries were removed from the epicardial sur- 
face and decalcified before sectioning. The arteries 
in which the percutaneous transluminal coronary 
angioplasty had been performed were sectioned seri- 
ally every 1-2mm for 8cm from the origin of the 
vessels. The other coronary arteries were sectioned 
serially every 3mm for 6cm from the origin. All 
blocks were routinely processed and 5 um thick sec- 
tions were prepared. The sections were stained with 
haematoxylin and eosin, an elastic stain counter- 


Table 2 Pathological findings in coronary arteries after repeated percutaneous transluminal coronary angioplasty 


diagonal; LAD, left 
CA, percutaneous 


d 


Wall laceration 
nterval between 
Case Artery* No of PTCAs PTCA and death Intima 
1 RCA (1) 3 2 hours Plaque rupture, recent haemorrhage older plaque 
]-month 23 days dissection, organised haemorrhage within plaque 
5 months, 7 days 
Diag (9) 4 2 hours Plaque rupture, recent haemorrhage, recent 
2 months, 15 days earlier laceration of fibrocellular tissue; gap 
5 months, 22 days with young prohferatve tissue 
7 months 
LAD (6) 5 2 hours us rupture, recent haemorrhage; old plaque 
2 months, 15 days ture, organised dissection anda 
3 months. 6 days acento of fibrocellular tissue (dating from ar 
5 months, 22 days earlier procedure) extending into main LCA 
7 months, 10 days 
LCx (11) 2 2months, 15 davs Plaque ture, haemorrhage, lacera 
7 months, 10 days non of fbrocellular tissue (datin from an earher» 
procedure); dissection and gap Eed young 
proliferative fibrous tissue 
2 LAD (6,7) 2 3 months, 10 days Plaque rupture, dissection; fibrous anc 
4 months, 7 days haemorrhage (connnued mal 
3 LAD (7) 2 2 months, 18 days Dissection and rupture plaque-free wall inte 
6 months, 17 days media; old plaque diesection and ture 
organised IT. s fibrocellular tissue (dating, 
from an earher ) in old dissection; young» 
fibrous tissue m more recent laceration 
4 Lex (11) 2 1 Plaque dissection and rupture into medis 


day 
10 months, 13 days 


organised haemorrhage, dissection partially filled 
with thrombus and partially with fibrous tissue 


*Segment(s) of the coronary arteries that were dilated are shown in parentheses (according to the American Heart Association Committee Report). > 


X 
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stained with Van Gieson’s stain, and a phos- 
photungstic acid haematoxylin stain. The blocks 
taken from the sites of the percutaneous trans- 
luminal coronary angioplasty were serial sec- 
tioned, whereas step sections were taken from the 
remaining blocks. When necessary additional sec- 
tions were also mounted. 

The myocardium was studied by cutting the heart 
in parallel slices, perpendicular to the left ventricu- 
lar long axis. Full thickness slices were then taken 
for histological examination, at different levels, to 
include both the left and right ventricles. 


Results 
Table 2 shows the most important’ ‘pathological fea- 


tures found in the coronary arteries. 
Dissection and rupture of pre-existing athero- 


sclerotic plaques was detected in all seven arteries. 


There was plaque rupture with recent haemorrhage 
and mural thrombosis in three arteries (case 1: right 
coronary artery, diagonal branch, left anterior 
descending coronary artery), which had been dilated 
two hours before death. 

Pre-existing eccentric irode plaques 
were damaged where the plaque was attached to the 


underlying media and pre-existing concentric 
lesions were damaged at their thinnest part (fig 1). 
Rupture sites and dissection clefts were filled with 
fibrous tissue, which indicated the stage of healing. 
Laceration of repair tissue was clearly indentifiable. 
Older repair tissue contained more collagen and 
elastin fibres than more recently formed tissue 
which had a looser texture and contained abundant 
glycosaminoglycans and readily identifiable cells. 
Disruption of fibrous tissue tended to occur at the 
site of earlier injury, generally where the vessel wall 
was thinnest. In five of seven arteries evidence of a 
repeated fibrous response to injury was accompanied 
by partial or.total rupture of the original media 
(fig2). In one instance (case 1: left anterior 
descending coronary artery) cholesterol filled the 
dissection cleft between a pre-existing athero- 
sclerotic plaque and the media (fig 3). 

In three arteries attenuation and separation of 
smooth muscle cells had disrupted the media at the 
site that initially was considered to be plaque free 
(fig 4). 

In one instance (case 4) there was massive dis- 
section of the coronary arteries. The first attempt to 
dilate the left circumflex artery (10 months and 13 
days before death) probably caused plaque dis- 





Tissue response underlying restenosis 


Medial smooth 
muscle cells | Fibrocellular 
Media attenuation| disruption Thrombons Restenons proliferanon Atherosclerosis 
Attenuation Recent thrombus + + - 
Partial and total rupture (Rupturc) Recent thrombus t — + 
' Parnal and total rupture Attenuation/disruption Recent thrombus t t hal 
(Rupture) | - + + + 
Laceration of plaque-free wall Attenuation, disruption - + + saa 
of plaque-free wall 
Partial and total rupture (Rupture) ^ gas + + = 
Partial and total rupture, (Rupture) 2 + + B 
dissection 
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Figl Photomicrograph showing concentric atherosclerotic 
obstruction of a coronary artery with tears where the 
thickness of the plaque and of the fibrocellular tissue layer 
was thinnest (black dots) after previous percutaneous 
transluminal coronary angioplasty (asterisk). A new layer of 
fibrocellular tissue ( F) has led to restenosis, Elastic tissue 
stains (original magnification, x 17:5). 


section and rupture and limited dissection of the 
media. Fibrous tissue covered part of the false 
lumen. A subsequent attempt to dilate the left 
circumflex artery (a day before death) caused further 
dissection. During the second attempt at the same 
session the catheter was guided into the false lumen 
and further on into the obtuse marginal branch. 
Inflation of the balloon led to a dissection extending 
into the intramyocardial branches (fig 5). Instant 
cardiac shock developed and the patient died. 

In all seven arteries there was narrowing (includ- 
ing pre-existing obstructive lesions not previously 
treated by balloon dilatation) of >50% of the 
lumen; thus all met the clinical criteria for 
restenosis.!* In six of the seven instances restenosis 
was caused by proliferation of fibrocellular tissue, 
after laceration of the vessel wall. In one instance 
(case 1: right coronary artery) there was restenosis 
caused by a repair process within a pre-existing ath- 
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erosclerotic plaque (fig 6). The artery showed 
several surface irregularities that were covered by 
recent thrombosis; these were considered to be an 
effect of the most recent attempt at dilatation (two 
hours before death). Within pre-existing athero- 
sclerotic plaques there were highly disorganised and 
cellular areas caused by proliferation of fibroblasts 
intermingled with many lipid laden macrophages 
and the occasional lymphocyte and dispersed iron 
deposits. In one artery (case 1: left anterior 
descending coronary artery) we found both a repair 
process within an atheroma and a fibrocellular tissue 
proliferation. 

The myocardium of each of the four patients 
showed features of healed and acute myocardial 
infarction. In each of these instances death was con- 
sidered to be related either directly to the last pro- 
cedure or to pre-existing generalised obstructive 
coronary atherosclerosis (see table 1). 


Discussion 


We studied four hearts obtained from patients who 
died after repeated percutaneous transluminal coro- 
nary angioplasties for coronary artery restenosis in 
whom the initial procedure had been successful. 
Histological examination of the seven arteries 
showed a complex structure, dominated by arterial 
wall laceration involving both pre-existing athero- 
sclerotic plaques and fibrous repair tissue that was 
considered to have been produced in response to the 
initial injury. Indeed, in all instances the changes 
found at microscopy were in accord with the clinical 
history of repeated percutaneous transluminal coro- 
nary angioplasties. There was plaque rupture with 
dissection and damage to the underlying media in 
each instance. Laceration usually occurred at the 
end of the plaque in eccentric lesions and at the thin- 
nest part of the arterial wall in concentric athero- 
sclerotic lesions. There was fibrous tissue at the 
injury site characterised by well formed collagen and 
elastin fibres. Subsequent laceration of the arterial 
wall had caused further injury to the repair tissues 
and these newer sites were covered by a fibrocellular 
tissue rich in glycosaminoglycans that contained 
fewer collagen and elastin fibres. The history of each 
percutaneous transluminal coronary angioplasty 
procedure could be followed almost step by step. 
In one artery cholesterol deposits were embedded 
within fibrous tissue at a site of initial plaque dis- 
section with laceration of the media. This finding 
unequivocally demonstrates that atheromatous 
plaque rupture had occurred and that cholesterol 
embolisation is a potential complication of the pro- 
cedure. Peripheral cholesterol embolisation in man 
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Fig2 Photomicrograph showing different stages of fibrocellular tissue response in coronary arteries after repeated 
percutaneous transluminal coronary angioplasties. (a) Site from which pre-existing media has disappeared (arrows). This is 
filled with relatively young fibrocellular tissue (F), This tissue covers a layer of fibrocellular tissue contaimng more elastin and 
collagen fibres, indicating a response to an earlier procedure ( black dots). (b) An area of intimal disruption with superficial 
abrasion of the media. The gap is filled partly by fibrocellular tissue produced in response to an earlier procedure (asterisk) 
and partly by more loosely textured connective tissue, indicating a more recent origin (F). Elastic tissue stains a and b 


( original magnification, x 55). 


has been reported,'*!® but seems to be rare. A 
search for such emboli is tedious, however, and 
small emboli may be easily overlooked, as shown by 
experimental animal studies.! ' !* 

Despite the histological complexity of the lesions, 
we identified attentuation of smooth muscle cells 
with separation and disruption of the media in three 
arteries. The remaining specimens showed partial 
medial rupture. The interpretation of changes in the 
smooth muscle cells of the media of coronary arte- 
ries is not easy. Advanced arterial atherosclerosis 
usually produces thinning of the media with atten- 
tuation of smooth muscle cells. But we also found 
changes that were highly suggestive of over- 


stretching in segments of media without substantial 
intimal changes and when there was only a slightly 
elevated atheromatous lesion. This impression was 
supported by the observation of fragmented and 
often curly elastin fibres within the segments, which 
was commonly accompanied by an increase in 
fibrous tissue. These changes are distinct from the 
obvious thinning that occurs in association with ath- 
erosclerosis that was described by Isner and For- 
tin. 

It is tempting to view the observed changes in the 
media as being caused by overstretching of the wall 
by the radial pressure of the balloon. Attentuation 
and disruption of smooth muscle cells have also been 
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Fig3 Photomicrograph showing cholesterol clefts within a 
dissection, which were encapsulated by fibrocellular tissue in 
response to injury. Elastic tissue stain ( original 
magnification, x 55). 


reported by Düber et al.!? They described necrosis 
of smooth muscle cells as a feature that occurs after 
vessel wall dilatation. 

Dissection is another hazard of repeated per- 
cutaneous transluminal coronary angioplasty. This 
occurred in patient 4. The initial procedure had 
resulted in a dissection, which became partially filled 
with thrombus and partially coated by fibrous tissue. 
The repeat percutaneous transluminal coronary 
angioplasty procedure produced further dissection 
and the catheter was guided through the false chan- 
nel from the left circumflex artery into the obtuse 
marginal branch. Inflation of the balloon then 
caused a massive dissection that extended into the 
myocardium and immediately caused death. 

The results indicate that restenosis after repeated 
percutaneous transluminal coronary angioplasty is 
caused by a fibrocellular tissue response that resem- 
bles the major event causing restenosis after the first 
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attempt. '* This is not surprising as the 
fibrocellular tissue reaction depends upon the pres- 
ence of viable cells activated by the procedure.? In 
patients who have repeated percutaneous trans- 
luminal coronary angioplasty and restenosis there is 
evidence of a potent growth factor and the aggre- 
gation of platelets at sites of laceration may be vital 
to this process.?? ?! In theory the more advanced the 
maturation of the fibrocellular response, that is 
when there is more collagen and fewer cells, the less 
likely is a second injury to cause further tissue 
response because the injury inflicted by the balloon 
affects only the acellular fibrous tissue. Because 
older (that is more mature) repair tissue contains 
fewer cells and more connective elements than 





Fig4 Photomicrograph showing detail of coronary artery 
with fibrocellular intimal reaction that is indicative of a 
repair process. There are fibrin deposits within the intima 
separating the fibrocellular response ( F) from pre-existing 
intimal thickening (I). The media shows attenuation and 
separation of smooth muscle cells ( arrows). This change is 
believed to indicate stretching of the artery by percutaneous 
transluminal coronary angioplasty. Phosphotungsic acid 
haematoxylin stain (original magnification, x 90). 
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Fig5 Photomicrograph showing medial dissection extending from the epicardial artery into intramyocardial branches. | a 
Cross section through the obtuse marginal artery and a side branch, both showing medial dissection. (b) Extension of the 
dissection into an intramyocardial branch. Elastic tissue stains (a) original magnification, x 21; (b) original magnification, 


* 33]. 


younger repair tissue (that is the loosely arranged 
connective tissue found soon after angioplasty), 
when it is disrupted by a further angioplasty pro- 
cedure it is less capable of producing tissue that will 
obstruct the lumen. This maturation of the initial 
tissue response may explain why a repeat per- 
cutaneous transluminal coronary angioplasty is suc- 
cessful in most patients with restenosis. The com- 
position of the atherosclerotic plaque will determine 
whether or not the procedure will achieve lasting 
success. In plaques that are mainly composed of 
dense fibrous tissue and almost acellular, the tissue 
response leading to restenosis may be minimal or 
even absent. On the other hand, plaque injury to 
cellular tissues may lead to an early response and 
restenosis. These theoretical considerations fit 


nicely with the practical approach presently advo- 
cated in patients in whom a repeat angiogram reveals 
restenosis. Redilatation, under such circumstances, 
should primarily be based on the severity of the 
angina pectoris, rather than on the results of the var- 
ious testing procedures.' $ 

We also found that plaque haemorrhages, which 
are almost certainly the result of the dilatation pro- 
cedure, may become organised and incorporated 
into the pre-existing atherosclerotic lesion. Occa- 
sionally this may be the sole reason for early 
restenosis in cases where this particular mechanism 
probably accelerates "normal" atherosclerosis. 
These observations could explain why Waller eral 
reported that three out of four cases of late restenosis 
were caused by *'classic" atherosclerotic lesions 
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Fig6 Photomicrograph showing cross section through a coronary artery with severely obstructive atherosclerotic lesions after 
percutaneous transluminal coronary angioplasty. (a) Overall view showing several sites of laceration. The area indicated by 
the asterisk is shown in detail in (b). It shows a organising plaque haemorrhage. (a) Elastic tissue stain (original 
magnification x 14); (b) haematoxylin and eosin stain (original magnification x 90). 


without any signs attributable to a previous per- 
cutaneous transluminal coronary angioplasty.” Sim- 
ilarly, Giraldo era/ described a successful per- 
cutaneous transluminal coronary angioplasty of the 
posterior descending coronary artery, while nec- 
ropsy 69 day later showed a 75% luminal obstruc- 
tion by a “common atherosclerotic plaque”’.'° 

The present study indicates that fibrocellular tis- 
sue proliferation is the most common mechanism 
underlying restenosis, and that healing of an injured 
atherosclerotic plaque may occasionally be an 
alternative mechanism. 


During the course of this study Dr Ueda was on a 
leave of absence from the Department of Pathology, 
Osaka City University Medical School, Osaka, 
Japan. 
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Percutaneous aortic balloon dilatation for calcific 
aortic stenosis in elderly patients: immediate 
haemodynamic results and short term follow up 


CARLO DI MARIO,t KEVIN J BEATT, PIM pe FEYTER, 
MARCEL van DEN BRAND, CATHARINA E ESSED,* PATRICK W SERRUYS 


From the Thoraxcenter, Erasmus University, and the *First Department of Pathology, University Hospital 
Diükzigt, Rotterdam, The Netherlands 


SUMMARY Eight elderly patients (mean (SD) age 72-6 (8:5) years) with severe calcified stenosis 
of the aortic valve were considered for transluminal balloon dilatation in the Thoraxcenter 
between March and November 1986. In one patient the procedure could not be performed 
because of technical difficulties. Balloons of increasing diameter (13-25 mm) were successively 
passed retrogradely from the femoral artery and manually inflated with pressures of 400—600 kPa 
(4-6 atmospheres). Post-dilatation, there were significant changes in left ventricular pressures 
(from 237/21 to 204/13 mm Hg), mean systolic gradient (from 66 to 41 mm Hg, systolic aortic 
flow (from 172 to 202 ml/s, and aortic valve area (from 0-47 to 0-74 cm?); the cardiac index did 
not increase significantly (from 2-4 to 2-5 l/min/m?). One patient developed a pseudoaneurysm at 
the site of the femoral artery puncture that required surgical repair two months after the pro- 
cedure; one patient experienced an acute left hemianopia during the procedure but had almost 
completely recovered at discharge. Five patients maintained a clinical improvement at a mean 
follow up time of 4:5 months after the procedure; two patients underwent aortic valve replace- 
ment, one because of minimal haemodynamic improvement after aortic balloon dilatation and 
persistence of severe dyspnoea and the other because of late recurrence of symptoms caused by 
restenosis after a successful procedure. 

Aortic balloon dilatation provides an alternative treatment for patients who are poor surgical 
candidates for cardiac or extracardiac reasons. At this stage the limited haemodynamic 
improvements suggest that the treatment can only be regarded as palliative, although proposed 
technical advances may achieve better immediate results in the future. Long term follow up is 
needed to evaluate the usefulness of this technique. 


The poor prognosis of adult patients with symptom- 
atic aortic stenosis has been known for some time: in 
particular Ross and Braunwald and Frank er al 
showed that patients who develop left ventricular 
failure have a high yearly mortality.! ? An increasing 
number of studies have reported that aortic valve 
replacement can be performed with a reasonable 
operative mortality and encouraging long term sur- 
vival, even in patients who are >70 years old.?^? 
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Although improvements in surgical techniques and 
postoperative care have lowered the operative mor- 
tality rate, associated diseases often make the man- 
agement of many elderly patients difficult and this 
has encouraged the development of alternative 
methods of treatment. 

We report the technique and the immediate results 
and complications of percutaneous aortic balloon 
dilatation in seven consecutive elderly patients with 
acquired calcific aortic stenosis. 


Patients and methods 
CLINICAL DATA 


Since March 1986 eight patients (mean (SD) age 74 
(8:8), range 63-84; 4 men and 4 women) have been 
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considered for percutaneous aortic balloon 
dilatation. The procedure was performed in only 
seven patients because one, patient 4, a 84 year old 
man with severe aortic stenosis, was excluded 
because he had tortuous iliac and subclavian vessels 
that made diagnostic haemodynamic evaluation 
difficult. Table 1 shows the clinical data. Two 
patients were in functional class II of the New York 
Heart Association and six were in class III. Five 
patients had a history of previous angina and three of 
syncopal attacks. Two patients (cases 6 and 7) had 
signs of congestive heart failure. Most patients 
presented with associated cardiovascular (cases 3, 5, 
6) or non-cardiovascular diseases (cases 4, 7) or both 
(case 1). 

Patient 6 had previously undergone a mitral valve 
replacement for severe mixed mitral valve disease. A 
recent catheterisation had confirmed a well func- 
tioning Bjórk-Shiley prosthesis in the mitral position 
with severe aortic stenosis (valve area = 0-5 cm?), and 
mild pulmonary hypertension (arteriolar pulmonary 
resistance 262 dyn s cm 5). Two patients (cases 2 
and 8) had previously declined aortic valve replace- 
ment, and were referred to our centre specifically for 
percutaneous aortic balloon dilatation. Neither had 
concomitant disease. Percutaneous aortic balloon 
dilatation was felt to be justified in all patients 
because of the relatively high surgical risk associated 
with advanced age, poor general health, and concom- 
itant diseases. 


HAEMODYNAMIC AND ANGIOGRAPHIC DATA 
Left ventricular and aortic pressures. and mean 
systolic transaortic gradients were averaged and 
calculated on line after acquisition periods of 20 
seconds. Cardiac output was computed from 
duplicate thermodilution measurements by a 
computerised system that also enabled instant 
calculation of systolic aortic flow and aortic valve 
area. Table 2 shows the basal haemodynamic data. 
All patients had a mean systolic gradient - 40 
mm Hg (in three it was PARUM. and an aortic 
valve area «0 7 cm?. 
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Large, localised areas of aortic valve calcification 
were detected in all the patients. Mean (SD) left 
ventricular end diastolic and end systolic volumes, 
normalised for body surface area, were 81 (10) mijm 
and 41 (17) mi/m? respectively, left ventricular ejec- 
tion fraction ranged from 30 to 65% (mean 51%), 
and left ventricular weight ranged from 136 to 209 
g/m? (mean 164 g/m?). 

A trace of aortic insufficiency was present in three 
patients, and there was mild aortic regurgitation in 
three others. A competent aortic valve was found in 
one patient. 

The aetiology of the aortic valve stenosis was 
rheumatic in case 6; a presumed degenerative patho- 
genesis was suspected in the other patients who were 
263 years old and who had late discovery of a 
cardiac murmur with no previous history of acute 
rheumatic fever. 


BALLOON DILATATION PROCEDURE 

After being informed of the possible nsks of the 
procedure all patients gave their informed consent. 
Percutaneous aortic balloon dilatation was per- 
formed in two patients at the time of the diagnostic 
catheterisation and at a separate session in five 
patients. A Swan-Ganz thermodilution catheter was 
positioned in the pulmonary artery via the left femo- 
ral vein and a 7F pigtail catheter was placed via the 
left femoral artery in the ascending aorta. 

Before we started percutaneous aortic balloon 
dilatation, we gave intravenous atropine (1:0 mg) 
and heparin (5000 IU). One to two units of blood 
were usually infused to expand the circulating vol- 
ume. We found that these patients were susceptible 
to severe hypotension caused by the loss of small 
amounts of blood associated with the exchange of 
catheters. 

We advanced a left 7F Judkins or Amplatz cath- 
eter through the right femoral artery into the 
ascending aorta just above the aortic cusps and 
directed 1ts tip towards the jet stream. Thereafter, a 
straight 0-038 inch guide wire was used to cross the 
aortic valve. After the basal left ventricular pressures 








Table 1 Clinical data 
Patient Age Sax NYHA Angina Syncope Associated diseases 
1 76 M III + + t mellitus, nephrolithiasis two-vessel 
2 63 M Il + — None 
3 64 F II + - Systemic hypertension, arterial claudication 
4 84 M III - + Chronic obstructive lung discase 
5 82 F IH + = Three vessel CAD 
6 65 F 1l — — Mitral prosthesis 
7 83 F HI + — Anaemia, rheumatoid arthritis 
8 75 M III ~- + None 





CAD, coronary artery disease, NYHA, New York Heart Associanon class 
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Table 2. Haemodynamic data before and after aortic valve dilatation in 7 elderly patients 


a 


Patient LV Aorta MSG cl AF AA 
Before After Before After Before After Before After Before After Before After 
1 247/24 229/11 191/77 201/84 57 39 21 2-5 179 245 05 0-9 
2 275/31 222/16 177/86 154/66 78 56 32 2:6 234 270 06 0:8 4 
3 264/15 177/2 198/81 142/73 81 31 27 2:7 134 197 03 0-8 
à 230/16 188/19 157/63 166/63 67 28 2-1 2-6 136 166 0-4 0-7 
5 204/23 210/23 150/67 174/83 48 41 1:9 21 152 163 0:5 0:6 
6 238/12 212/2 133/57 142/71 80 58 22 20 136 120 0:3 04 
7 203/28 188/15 156/90 155/87 53 37 2:8 2:8 231 259 07 1-0 
Mean (SD) 237/21 (28/7) 204/13(19/8) 166/74(23/9) 162/75(21/9) 66(14) 41(12) 24(055) 2-5(0-3) 172(44) 202(57) 0:47(0-15)0-74(0:20) 
p< 0-05 NS p< 0-005 NS p<005 p<0-005 


——————————————————————————————————————————————————————————————— 


AA, aortic area (cm?); AF, systolic aortic flow (ml/s); CI, cardiac index (l/min /m?5; LV, left ventricular peak systolic and end diastolic pressures (mm 


Hg); MSG, mean systolic aortic gradient (mm Hg). 


and transvalvar gradient had been measured, an 
exchange 0-038 inch straight guide wire, with its soft 
tip manually fashioned to a big J shape, was posi- 
tioned in the left ventricle. With this guide wire left 
in place, the Judkins catheter was removed and a 
dilatation catheter was advanced across the aortic 
valve, after careful removal of the air from the bal- 
loon. 

The balloon was inflated by hand injection with a 
mixture of contrast medium and saline (30/70) at 
pressures of 400-600 kPa (4-6 atmospheres). Ini- 
tially a balloon of 13-15 mm was used, and after the 
balloon was in a stable position across the aortic 
valve (Fig 1) a series of 10-15 seconds inflations were 
performed. Waisting of the inflated balloon was not 
usually seen. At the end of each series of dilatations 
with the same balloon, left ventricular pressure, aor- 
tic pressure, cardiac output, systolic aortic flow, and 
aortic valve area were reassessed. Balloons of 





Fig 1 Aortogram of balloon dilatation of a stenotic aortic 
valve. The balloon, positioned across the heavily calcified 
aortic valve, was manually inflated t0 a diameter of 20 mm. 
The guide wire was left in place in order to stabilise the pos- 
ition of the balloon. In this patient indentations of the bal- 
loon were not seen at any time during the procedure. A 
Swan-Ganz thermodilution catheter and a pigtail catheter 
were placed in the pulmonary artery and the descending 
aorta respectively. 


increasing diameter were used to reduce the mean 
transstenotic gradient to <40 mm Hg and to 
increase the aortic valve area to > 1-0 cm?. If these 
end points could not be obtained with a 20 mm bal- 
loon additional dilatations were performed with a 
3x 12mm (25 mm) trefoil balloon (Schneider 
Medintag Zürich). Figure 2 shows the reduction in 
mean systolic gradient obtained with the con- 
ventional 13-20 mm balloons and the additional 
benefit achieved with the larger balloon. The mean 
number of balloons used per patient was 3:8 (range 
3-6) and the mean number of dilatations per patient 
was 8:6 (range 6-14). Balloons of two different 
lengths were used (40 and 80 mm). One trefoil bal- 
loon could not be inserted into the femoral artery and 
five balloons ruptured during the inflations. 

At the end of the procedure the presence of aortic 
regurgitation was assessed by supravalvar aor- 
tography. 


STATISTICAL ANALYSIS 
Student's t test for paired data was used whenever 
appropriate. 


Results 


HAEMODYNAMIC DATA 

Table 2 shows the haemodynamic variables mea- 
sured soon after the last percutaneous aortic balloon 
dilatation and the same data before dilatation. Statis- 
tically significant decreases in peak systolic and end 
diastolic ventricular pressure, in mean systolic and 
peak systolic gradient, aortic flow, and valve area 
were achieved; there was also a slight but not statis- 
tically significant increase in cardiac index. Figure 3 
shows the aortic valve areas before and after 
dilatation; all patients had an increase in aortic valve 
area at the end of the procedure. None the less in 
three patients the aortic valve area was still «0-7 cm? 
after dilatation. Similar improvements were shown 
when the mean systolic gradient was evaluated (Fig 
4): in all but three of the patients a decrease > 20 mm 
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Fig 2 Mean systolic gradient after successive dilatations 
with balloons of increasing diameter (13-15, 18-20, and 25 
mm) in the three patients who had dilatation with a trefoil 
balloon showing the additional improvement in gradient 
achieved with larger balloons. 


Hg was achieved; in these three mean systolic gra- 
dients > 40 mm Hg were present after dilatation. 


AORTIC INSUFFICIENCY 

Supravalvar aortography immediately after dilata- 
tion showed an increase in aortic regurgitation in 
four patients, but no patient had more than moderate 
regurgitation (2 +/4+ ) at the end of the procedure. 


COMPLICATIONS 

Repeat inflations of the balloon, positioned across 
the aortic valve were usually well tolerated: in most 
patients there was a moderate decrease in the aortic 
pressure, which was continuously monitored during 
the procedure, but the peak systolic pressure fell to 
40 mm Hg in only one (case 8); this was associated 
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with a symptom of dizziness. Patient 5 complained of 
mild chest pain during and immediately after most of 
the inflations, with no further ST-segment change. 
Patient 2 needed surgical repair of a right femoral 
pseudoaneurysm two months after percutaneous 
aortic balloon dilatation; in this patient more cath- 
eters (six) were used because two balloons ruptured 
during inflation. In patient 5, a large haematorna 
developed at the site of balloon insertion in the right 
groin. Patient 6 experienced considerable hypo- 
tension, ST segment elevation, and loss of con- 
sciousness immediately after a 25 mm balloon had 
ruptured during inflation; she recovered completely 
within three minutes. Despite careful venting of the 
balloon before insertion, an air embolus was sus- 
pected. 

A complete left hemianopia was present in patient 
3 at the end of the procedure; computerised axial 
tomography suggested a small infarction in the area 
supplied by the right posterior cerebral artery. 
Minor residual defects of the field of vision were still 
present at discharge. 


SHORT TERM FOLLOW UP 

We obtained data on clinical follow up (35 days to 8 
months, mean 4:5 months). In five patients the clin- 
ical improvement (at least by one functional New 
York Heart Association class) persisted. The other 
two patients (cases | and 6) subsequently underwent 
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Fig 3 Aortic valve area before and after dilatation in 7 
elderly patients. PABD, percutaneous aortic balloon 
dilatation. 
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Fig 4 Mean systolic aortic gradient before and after aortic 
dilatation m seven elderly patients. PABD, percutaneous 
aortic balloon dilatation. 


uncomplicated aortic valve replacement. After a suc- 
cessful percutaneous aortic balloon dilatation (aortic 
valve area increased from 0-5 to 0-9 cm?) patient 1 
experienced considerable functional improvement 
with disappearance of angina and syncopal attacks 
for three months, after which there was recurrence of 
angina and worsening of effort tolerance. Echo- 
Doppler cardiography showed that the peak aortic 
flow velocity, which had been reduced from 5 m/s to 
2:5 m/s, had increased again to 4:5 m/s. After a 
syncopal attack, an aortic valve replacement was 
performed. The native bicuspid valve was diffusely 
calcified without commissural fusion; there was no 
tearing of the leaflet edges nor other macroscopic 
findings that might be related to the previous 
dilatation. A histological evaluation showed gross 
calcific deposits with bony degeneration, associated 
with fragmented areas of calcification, surrounded 
by connective tissue consisting of young fibroblasts 
with infiltrating lymphocytes and plasma cells (fig 5). 
Patient 6 was operated on 40 days after percutaneous 
aortic balloon dilatation because of the persistence of 
dyspnoea on minimal effort and at rest: the valve was 
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tricuspid, with partial commissural fusion, diffuse 
thickening, and isolated nodular calcifications; no 
macroscopic damage or modifications related to 
percutaneous aortic balloon dilatation were found. 
Histological examination showed small areas of 
combined calcific fragments and fibrous tissue with 
some plasma cells. 


D 


Discussion 


An increase in life expectancy and an improvement 
in the quality of life should not be denied to elderly 
patients with symptomatic aortic valve stenosis: at 
present aortic valve replacement is the most effective 
treatment but operative mortality ranges from 3%7 
to 1895,? and higher rates have been reported in 
patients who are older than 75? or who have under- 
gone emergency operation and are in poor general 
health.! Moreover, coexisting cardiac or extra- 
cardiac disease may preclude operation. 

Balloon dilatation of the aortic valve was intro- 
duced in 1983 for young patients with congenital 
aortic stenosis! ! and only recently applied to cases of 
severe, calcified aortic valve stenosis in elderly 
patients.!? 


MECHANISM OF BALLOON DILATATION OF 
THE AORTIC VALVE 

Degeneration of the fibrous stroma of the valves, 
lipid accumulation, and microscopically identifiable 
calcifications are common abnormalities in the 
elderiy.!? In a few cases nodular calcific deposits on 
the aortic aspects of the cusps result in a critical 
reduction in the leafiet motility. A triradiate orifice, 
with lack or near lack of commissural fusion, is 
usually preserved. Among 111 necropsy specimens 
analysed by  Pomerance, senile, degenerative 
(Monckeberg) calcification of the aortic valve 
accounted for 61% of cases of aortic stenosis in 
patients aged between 75 and 85 years and for nearly 
all patients older than 85 years.!* The next most 
frequent finding in patients over 75 years of age and 
the commonest finding in younger patients, with a 
peak incidence occurring in the fifth and sixth 
decades,!? was degenerative calcification in con- 
genitally bicuspid aortic valves: a transverse or 
slightly crescentic slit-like orifice, extending com- 
pletely across the aortic lumen, was usually seen. 
Occasionally an inflammatory (rheumatic) patho- 
genesis is present in elderly patients! and heavily 
calcified commissures are the most common finding 
in such patients. 

In contrast with reports of dilatation in pulmonary 
and mitral valve stenosis,” where separation of the 
fused commissures results in haemodynamic 
improvement, the pathogenesis of the aortic stenosis 
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Fig 5 Photomicrograph of a restenosed bicuspid aortic valve replaced 5 months 
after aortic balloon dilatation ( haematoxylin and eosin stain; original magnification 
x 100). Particles of calcium (* ) were embedded in the valve tissue and were sur- 
rounded by scar tissue consisting of young fibroblasts and infiltrating lymphocytes and 
plasma cells ( arrows ). 


in the elderly suggests that cusp separation does not 
have a major role. McKay er al recently performed 
postmortem or intraoperative percutaneous aortic 
balloon dilatation in 10 patients with an average age 
of 78 years: successful dilatation was related to a 
simple plastic deformation of the valve cusps in most 
patients, while fracture of heavy nodular 
calcifications and separation of fused commissures 
were less common findings.'* Similar findings have 
recently been reported by Reynolds er al.'? 
Vahanian et al, who performed postmortem 
dilatation in 22 bicuspid and tricuspid aortic valves, 
suggested that the mechanisms of percutaneous aor- 
tic balloon dilatation could be related to “an 
improvement in cusp motion due to calcium redis- 
tribution"'.?? 


SAFETY OF DILATATION 
Potential risks of percutaneous aortic balloon 
dilatation include damage to the peripheral vessels 
during insertion of multiple, stiff balloon catheters 
(ranging from 8 to 9F), occlusion of the aortic flow 
during balloon inflations, peripheral embolisation 
because calcific tissue is dislodged, and massive aor- 
tic insufficiency caused by gross tearing of the leaflets 
or to detachment of the cusps from the aortic ring. 
Although extreme tortuosity and severe athero- 
sclerosis of the peripheral vessels are often seen in 
patients of advanced age, correct positioning of the 
dilatation catheter via the femoral route was possible 


in seven of our eight patients. One late pseudo- 
aneurysm of the common femoral artery required 
surgical repair. 

"Total occlusion of the aortic valve may induce a 
potentially dangerous rise in left ventricular pres- 
sure. To minimise this problem, an arteriovenous 
shunt was used during the first reported attempts of 
percutaneous aortic balloon dilatation in children. ' 
Our experience and the experience of others’? in 
elderly patients suggests that a residual flow is still 
present during balloon inflation; in six patients with 
calcified stenosis of the aortic valve no severe reduc 
tion of the arterial pressure was observed and only 
one patient experienced angina during the inflations 

Figure 6 summarises the haemodynamic findings 
during a three minute balloon inflation.*! This 
shows that there was no significant increase in intra- 
ventricular pressure and only a moderate decrease in 
arterial pressure and aortic flow. These observations 
and the frequent absence of evident waisting of the 
balloon during inflation suggest that the stiffness o! 
the cusps and the non-circular configuration of the 
orifice prevent the complete adherence of the leaflets 
to the balloon and consequently avoids total valve 
occlusion, unlike the reported findings during pul- 
monary and aortic dilatations in the voung where 
sudden orifice occlusion may produce abrupt 
haemodynamic changes. 

Calcific stenosis of the aortic valve was regarded as 
a contraindication to percutaneous aortic balloon 
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Fig 6 Cardiac output ( thermodiunon method) and left ventricular and aortic tracings during balloon inflation 
across the aortic valve; the balloon (diameter 20 mm) was inflated for 3 minutes without subjective complaints. AA, 
aortic area; AF, systolic aortic flow; CI, cardiac index; CO, cardiac output; EDP, left ventricular end diastohc 
pressure; LV, left ventricle; MSG, mean systolic transaortic gradient. 


dilatation when this technique was introduced.?? 
To date two embolic complications have been 
reported?? ** and the potential danger of peripheral 
embolisation cannot be ignored. In our series patient 
3 had a small cerebral infarction, probably caused by 
a calcific embolus, with minor persistent functional 
damage. 

' None of our patients had a potentially dangerous 
increase in aortic insufficiency after percutaneous 
aortic balloon dilatation; nevertheless, at present 
percutaneous aortic balloon dilatation cannot be 
recommended in patients with greater than mild 
coexistent aortic insufficiency. 


IMMEDIATE RESULTS OF DILATATION 

McKay et al reported an increase in aortic valve area 
from 0 6 to 1-0 cm? in 10 elderly patients?? while 
Jackson et al obtained a mean reduction greater than 


50% in peak systolic gradient in eight patients.?$ 
'The mean (SD) aortic area was increased from 0-45 
(0-18) to 0-81 (0-36) cm? in 158 patients collected by 
the French Registry.?^ Comparable results were 
achieved in our patients (aortic valve area increased 
from 0-47 to 0-74 cm?) but a severely reduced abso- 
lute aortic valve area («0-7 cm?) persisted in three 
patients. We calculated the aortic valve area on the 
basis of mean gradient (planimetry of the area 
enclosed between simultaneously recorded left ven- 
tricular and aortic pressure tracing). 

The lack of a considerable immediate 
improvement in some of our patients may be related 
to the anatomy of the aortic valve (percutaneous aor- 
tic balloon dilatation was partially unsuccessful in 
the patient with rheumatic aortic stenosis) or to inad- 
equate balloon diameters (in three patients with 
unsuccessful haemodynamic improvements after 
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repeated inflations of conventional 13-20 mm bal- 
loons we achieved better results using a 3 x 12 mm 
(25 mm) trefoil balloon). The use of balloons 2-3 
mm smaller than the aortic annulus has been pro- 
posed in children to reduce the development of aortic 
regurgitation.?" The fear of gross tearing of the 
calcific leaflets or of their detachment from the aortic 
ring, with consequent massive aortic insufficiency, or 
of disruption of the aortic ring itself has resulted in 
even more caution in adult patients. In the reports of 
McKay et al,?5 Jackson et al? and Cribier et al** the 
largest balloon sizes used were 20, 14, and 21 mm 
respectively. Postmortem and intraoperative data, 
however, suggest that larger balloons are needed for 
valves without commissural fusion or heavy nodular 
calcification. '® 


EARLY FOLLOW UP 

Major functional improvements can be expected as a 
consequence of even relatively small increases in 
valve area, as has recently been reported in most 
patients after percutaneous aortic balloon 
dilatation.?® Five of our seven patients obtained per- 
sistent functional improvement, while two patients 
needed subsequent aortic valve replacement: in one 
of them a restenosis three months after percutaneous 
aortic balloon dilatation caused the late recurrence of 
symptoms and serial Doppler assessment showed 
increasing aortic flow velocity. In paediatric patients 
no increase in aortic stenosis was reported 3-9 
months after percutaneous aortic balloon 
dilatation,?? but rates of increase in peak systolic 
gradient as high as 3-4 mm Hg per month were 
described in adult patients with aortic stenosis.?? 
The lack of information on long term benefits after 
percutaneous aortic balloon dilatation necessitates a 
strict control programme. 

Calcification surrounded by fibrous tissue can be 
found in aortic valves with stenosis of various 
aetiologies as well as in non-stenotic, sclerotic valves 
in the elderly. In our first patient, who was operated 
on five months after percutaneous aortic balloon 
dilatation because symptoms recurred, histology of 
the aortic valve suggested that a scarring process 
adjacent to the fragmented calcification was the 
mechanism of late restenosis. 

Currently aortic dilatation provides effective pal- 
liative treatment in many patients with severe aortic 
stenosis, although it remains to be determined 
whether more definitive long term benefit can be 
expected. Further observations are needed to assess 
the efficacy and safety of the procedure (particularly 
when larger diameter balloons are used) as well as the 
progression of valve disease after dilatation. 


K J B is the recipient of the Joint Fellowship from 
the British and Netherlands Heart Foundations. 
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Congenital heart malformations in Jutland, 
Denmark: a three year necropsy study in children 


aged 0-14 years 


Epidemiology and classification according to sequential 


segmental analysis 


A VESTERBY,* K NIELSEN,t L BORG,* S PAULSEN,t U BAANDRUP* 
From the * University Institute of Pathology, Kommunehospitalet, Arhus; and the Institute of Pathology, 


Alborg Sygehus Nord, Alborg, Denmark 


SUMMARY The use of sequential segmental analysis for describing congenital heart mal- 
formations was the method of assessment used in a prospective necropsy study covering Jutland, 
a well defined geographical and demographic area of Denmark. The study group was 1154 
children of whom 261 (22.695) had a congenital heart malformation. The most common 
malformations were ductus arteriosus and ventricular septal defect and there were 77 cases in 
which connections between chambers or between chambers and great arteries were anomalous 
(68 liveborn; 37 male and 31 female: nine stillborn; two male and seven female). No difference in 
sex distribution or seasonal variation was found between those with congenital heart disease and 
those without. Extracardiac malformations and chromosomal abnormalities were more often seen 
in children with congenital heart malformation than in those without (30-395 vs 16-695). 

'The sequential segmental analysis is a logical and precise way of describing congenital heart 
malformations and it should be routinely used to classify cases of congenital heart malformation. 


Difficulties with the use of nomenclature in the rou- 
tine management of paediatric cases of congenital 
heart disease prompted us to test a system of nomen- 
clature based upon identification of segmental con- 
nections that was proposed by Shinebourne et al in 
1976. 

We present a necropsy study of congenital heart 
malformations collected prospectively in a well- 
defined geographical and demographic area of 
Denmark in which necropsy is often performed. 


Patients and methods 


The children included in the study died between 1 
January 1977 and 31 December 1979. They were 
0-14 years old or were stillbirths weighing > 1000 g. 
The cases were collected prospectively and without 
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selection. During the study period there were 91 531 
livebirths and 521 registered stillbirths. Officially 
the gestational age of a stillbirth is 28 weeks, but we 
chose to use birthweight as an inclusion criterion 
because it is more accurate and convenient. Jutland 
(fig 1), is a demographically well-defined part of 
Denmark with a population of 2313034 (1 January 
1978). Jutland is divided into seven counties and we 
obtained separate results for these to investigate 
whether there were geographical differences. 

All ten departments of morbid anatomy and two 
institutes of forensic medicine serving the area were 
informed of the study by letter and orally. Written 
consent was obtained from the departments. Every 
few months we sent them written reminders. Our 
tracing rate for collecting specimens and data was 
cross-checked against the files of the National 
Health Board, to which all deaths, including still- 
births, are reported. This meant that we could also 
trace children who were born in the area of study but 
who died outside it. 
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Fig 1 Jutland (7 counties). 


During the study period 1357 children aged 0-14 
years died and there were 521 registered stillbirths (a 
total of 1878 children). The statistics of the National 
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Fig 2 Selection of study population. 


In each case a questionnaire was prepared for 
electronic data processing. The statistical tests that 
we used are stated in the text. Types and constel- 
lations of malformations have been listed by number 
only. 


Health Board showed that necropsy was plannedin Results 
1320 cases (70-395) and performed in 1293 cases í 
(68:8%). We studied 1154 (61-496) cases (fig 2). EPIDEMIOLOGY 


A forensic necropsy was performed in 133 cases 
(115%), which "were mainly cot deaths. The 
remaining 1021 necropsies were performed at the 
request of the hospital. We personally investigated 
heart-lung preparations or the entire organ block in 
894 (77:5%). In 260 cases (22:595) we went through 
the necropsy notes and contacted the pathologists 
who performed the necropsy. 

The method of investigation was the sequential 
segmental analysis.! ^ Probe patency of the foramen 
ovale and patency of the ductus arteriosus beyond 
one month of age were regarded as definite heart 
malformations. In children <1 month of age or in 
stillbirths these findings were not categorised as 
heart malformations. 


We studied 808 (70%) livebirths and 346 (30%) 
stillbirths. There were 500 liveborn boys (61-995) 
and 308 girls (38.195) and 179 stillborn boys 
(51-795) and 167 girls (48-395) (fig 2). 

The frequency of necropsy varied considerably in 
the seven counties (table 1). According to the 
National Health Board the mean frequency of nec- 
ropsy was 68-895. Our 1154 necropsies represent 
90-395 of livebirths and 86-79; of stillbirths (tracing 
rate). Two hundred and sixty one children (22-696) 
had a congenital heart malformation (fig 3a and b) 
(40 stillbirths (15-395) and 221 livebirths (84-7%)). 
The frequency of congenital heart malformation was 
21:695 in boys and 24% in girls (y? test = 0-88, 
p > 0:3). Congenital heart malformation was more 


Table 1 Frequency of necropsy and our tracing rate in seven counties 


Snlibirths Livebirths 
Necropsies|deaths Necropsies|deaths 
County (frequency 95) Tracing rate (96) (frequency %) Tracing rate (% ) 
Nordyylland 87/96 (90 6) 87/87 (100) 218/270 (81 0) 205/218 (94 0 
us 122/145 (84 1 91/122 (746) [323 (64-7) 195/209 (93-3 
Viborg 25/58 (43 1 22/25 (880) 73/121 (603) 73 (87 
Ringkebing 25/50 rou 24/25 (960) 96/164 (58-5) 90/96 (938 
be 52/53 (98 1) 52/52 (100) 83/130 (63-8 69/83 (83-1) 
Senderjylland 50/63 (79 4) 32/50 (640) 96/157 (611 771/96 (802) 
Vejle 38/56 (679) 38/38 (100) 119/192 (62-0) 108/119 (90-8 
Mean 399/521 (76 6) 346/399 (86-7) 894/1357 (65 9) 808/894 (90-3 
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Fig 3 Age and sex distribution of children (a) with 
congenital heart disease (b) without congenital heart 
disease. 


common in livebirths than stillbirths (27-49, vs 
11:6% (x? test = 3449, p<0-0005)). The 
frequency of congenital heart malformation was 
24-895 and 31:5% among liveborn boys and girls 
respectively, and 12:895 and 10:2% for stillbirths. 
The sex difference for livebirths is statistically 
significant (y? test = 4:28, p < 0-05) but not for still- 
births (y? test = 0-59, p > 0-4). 

The forensic necropsies showed that 23 children 
(17-395) had a congenital heart malformation. These 


B No congenital heart disease 
O Congenital heart disease present 


1004 (2) 





Peeeeseepeded 
Fig 4 (a) Month of birth and (b) month of death of 
study group. 
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Fig5 Distribution of all s in necropsy study 
according to county. 


cases constituted 8-8% of all children with a con- 
genital heart malformation. 

Forty children had probe patency persisting 
beyond one month of age as the only malformation. 
Births of children with and without congenital heart 
malformation were equally distributed throughout 
the year (y? test = 7-34, 11 degrees of freedom, 
p > 0-7), as were deaths (y? test = 11-16, 11 degrees 
of freedom, p > 0-1) (fig 4a andb). 

Figure 5 shows the frequency of congenital heart 
malformation in different counties. There was no 
geographical variation in the rates of congenital 
heart malformation within Jutland (y? test = 5-71, 
six degrees of freedom, p > 0-4). 

Fifty three children had been operated upon 
because of congenital heart malformation. The 
majority (7995) had died less than one month after 
the operation (table 2). 

Two hundred and twenty seven (19-995) of all 
children had an extracardiac malformation (129 boys 
and 98 girls). The frequency of an extracardiac mal- 
formation was 19% among boys and 20-6% among 
girls (x? test = 0-41, p > 0-4). Seventy nine (63 live- 
births and 16 stillbirths) had a congenital heart mal- 
formation as well. 

Extracardiac malformations were significantly 


'Table2 Time from operation to death in 53 children 
operated on for congemtal heart disease 





Period Died 


During operation 8 
<1 week 34 
1—4 weeks 5 
1-12 months 5 
>I year 5 


Total (25 garis/28 boys) 
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Table4 Specific abnormalities in all children trrespectroe 








! ; 2 " Both 
more frequent in those with congenital heart disease ^ Atnoventricular septal defects 


(30-395) than in those without (16-695) (fig 6)  Hypoplama of ventricles: 
(x? test = 24-27, p < 0-0005). More than one other Right 1 
malformation was usually found in children with Ventricular outlet tract: 


35 of chamber connections 
40 Lrivebirths Stillbirths 
1 30 Abnormality F M F M 
3 20 Abnormalities of pulmonary veins. 
Supradiaphragmatic drainage l T 
10 hragmatic 4 
j WE Mi uu Ki: Abnormalities af systemic m 
0 d A | ea ra a Persistent superior veng cava 6 2 2 
à tee P Others 2 1 1 
Cor triatriatum. 
Left 
Fig 6 Extracardiac malformations in children with and AE soll defect E 40 5 8 
without congemtal heart disease. Ext, external Probe patency* 40 61 12 15 
(non-specified) ; Int, internal (non-specified); CNS, Ventricular septal defect 48 | 45 10 14 
central nervous system; Res, respiratory system; GIT, Atrioventricular valve abnormalines 9 9 1 
gastrointestinal tract; UGS, urogenital system. Tricuspid 1 6 
1 1 
6 9 
4 








congenital heart disease. Twenty three children had pieni: acerta 7 0j 15 0/1 
Valvar aorta, pulmonary artery 14/18 23/18 2/3 1/3 
Table3 Chromosomal abnormalities tn study group Supravalvar aorta/pulmonary 
Fall cones t 35 N Ii 
ot's tetralogy 
With congemtal heart Abnormalities of aortic arch: 

í malformation Coarctation 1 12 1 2 
Abnormality Total — Other 8 9 2 2 
(syndrome) number Lsvebirths Sullbirths Abnormahiues of systemic 

arteries 2 6 1 
Down's tyndrome 13M 9 2 Abnormalities of pulmonary 
10F 7 0 trunk and arteries 6 9 1 2 
Trisomy 18 3M 1 1 Patent ductus arteriosus* 51 71 16 20 
6F 6 0 
Trisomy 18 mosaicism 1M 0 0 *Probe patency or persistent ductus arteriosus or both in stillbirths 
Trisomy 13 2M 1 0 were recorded only m combination with other heart 
2F 2 0 malformations. 
Interstitial deletion of T These cases include membranes and hypoplastic arteries. 
short arm of In Scandinavia and Germany this abnormality is known as 
chromosome 7 1M 1 0 teno-Fallot's. Niels Stensen (1638-86), Danish anatomust, 


geologist, and theologian 





'lTable5 Data on cases of double inlet ventricles and absence of atrioventricular connection 





Livelirths Snilbirths 
F M F M 





Right atrial isomerism. 
Double inlet + common atrioventricular valve 
Univentricular heart left type + rudimentary chamber, double outlet + pulmonary i 
stenosis 
Univentricular heart indeterminate | type, single outlet + rudimentary pulmonary artery 1 
Double inlet univentricular heart 
Left type + rudimentary chamber. Two atrioventricular valves, double outlet 1 
Indetermunate type. Two atrioventricular valves, double outlet 1 
ar ras type Common atrioventricular valve, single outlet, common arterial 


Ascot nghi right atrioventricular connection 
Univentricular heart left type + radineny chamber, single outlet aorta + rudimentary 


pulmonary artery 
Univentricular heart indeterminate type, single outlet, common arterial truncus 1 
Absent left atrioventricular connection: 

Univentricular heart, right type + rudimentary chamber 

single outlet pulmonary artery + aorta rudimentary 1 1 

double outlet I 

Univentricular heart, indetermmate type. 

single outlet pulmonary artery + aorta rudimentary 1 

double outlet 2 1 
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Table 6 Cases of abnormal connections of chamber to 
chamber and to great arteries tn study group 


Levebirths Stillbirths 





Abnormahty F M F M 


J oston of atria. 
“Lek 1 
Right 1 


Isomerism (ambiguous)* 1 1 
Atrioventricular connection. 

Discordant 1 1 

Double mlet 2 3 
Absent atrioventricular connection: 

Right 2 

Left 5 1 
Ventriculoatrial connection 

Discordant 8 

Double outlet 7 
Single outlet truncus arteriosus 7 
Single outlet aorta + rudimentary 


ulmonary 
S outlet 
aorta rudi 


artery + 
tary 2 1 


*T'wo cases of right isomerism with asplenia. 


Down’s syndrome and of these 18 (78%) had con- 
genital heart malformation. Syndromes other than 
Down’s were found in 15 children (1:3% of the 
entire study group), and 12 children (8095) had con- 
genital heart malformations. 

The congenital heart malformation was estimated 
to be the cause of death or the major contributing 
factor of death in 181 (82%) of 221 livebirths. 


CLASSIFICATION ACCORDING TO SEQUENTIAL 
SEGMENTAL ANALYSIS ) 

In the tables we have concentrated on giving the 
numbers of specific anomalies with normal and 
abnormal chamber connections and with abnormal- 
ities of:the great arteries (tables 4-6). Thus 


Table7 Other congenital heart abnormalities 








Livebirths Snilbirths Combined mth 
other heart 

Abnormality (of) F M F M “abnormalines” 
Coronary artery* 5 2 5 

ronary sinust 1 3 1 5 
Endocardium 

(fibroelastosis)] 2 9 11 

ericardium 

(defects) 2 1 3 
Ebstem's i 1 
Aneurysm of patent 

ductus arteriosus 1 1 
Congenital 

atrioventricular 

block 1 1 


*Common origin (one ostium) 3; both ostia in one sinus 2; 

left coronary artery from pulmonary artery 1; missing circumflex 
artery 1 

TStenosis 1; atresia 4. 

1Hypoplestic left ventricle syndrome not included 
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an individual patient often appears several times. 
Furthermore, we have counted and listed separately 
abnormalities of the coronary arteries (origin or 
number), anomalies of the coronary sinus, peri- 
cardial malformations, and congenital fibroelastosis 
of the newborn (table 7). 


Discussion 


The death rate in the study population was 1:595, 
and 521 stillbirths were registered during the study 
period. Necropsies were performed in 68:8% and of 
these 89-295 were investigated by us. There are at 
least two explanations why we were unable to assess 
all cases: (a) not all cases were referred to us by the 
primary departments (failure of communication) 
and (b) the official records of the National Health 
Board are not exhaustive. 

Most studies of congenital heart malformation 
have been restricted to a category of congenital heart 
malformatión or they have been population studies 
of both live and dead children. Some investigators 
have examined the frequency of various disorders by 
analysing museum collections of congenitally mal- 
formed hearts thus expressing the frequency of a 
malformation by relating it to other abnormalities. 
Our results cannot be compared with such studies. 

Our study was conducted at the end point of the 
disease process. The congenital heart malformation 
was regarded as the cause of death or the major con- 
tributing factor of death in 181 (82%) of 221 live- 
born cases. In a detailed study Sámánek et al found 
that congenital heart malformations were a major 
contributing factor in about 50% of deaths.? 

About 0-6-0-8% of neonates have a congenital 
heart malformation.) The dead children aged 0-14 
years that we studied are equivalent to 0-27% of the 
total number of infants born in the study period. 
Among the children aged 0-14 years who died con- 
genital heart malformation was common (22-695 of 
investigated cases) and was the cause of death in 
18% of children. 

We have found one necropsy study which we 
think may be compared with our investigation.* 
Because the grouping of patients is different only 
parts of the two studies can be compared. In a study 
of stillbirths and livebirths aged up to one year Wil- 
son and Lubschez found congenital heart mal- 
formation in 6%* whereas we found 22:6% in our 
study. The reasons for this discrepancy are not 
apparent. Gibson reported a frequency of 12% of 
congenital heart malformation in 1633 necropsies 
from the Great Ormond Street Clinic,* and Nestor 
and Rice 20% among 675 necropsies.? In Gibson's 
study the age of cases is not given and Nestor and 
Rice's study did not include stillbirths. The age 
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range in Nestor and Rice’s study is, however, identi- 
cal with ours (0—14 years) and the results are in the 
same range (20% vs 27% in our study after the 
exclusion of stillbirths from our study). Recent 
studies of cardiac malformations in spontaneous 
abortions by Gerlis? and Ursell er alë cannot be 
compared with our study as they deal with aborted 
fetuses of <24 or 28 weeks’ gestation (which for all 
practical purposes are fetuses with a birth weight 
below 1000 g). 

Although our study is quite large some of the 
groups of anomalies are too small for valid statistical 
analysis; however, some trends are apparent in the 
new data. The tables that we constructed to show 
which malformation appeared with other abnormal- 
ities have been omitted because they are too compli- 
cated to read. 

Some solitary anomalies occurred but combina- 
tions of malformations were more common. There 
were only 24 cases of isolated ventricular septal 
defects (livebirths: five boys, and seven girls; still- 
births: nine boys and three girls), 19 patients with 
isolated atrial septal defects (livebirths: eight boys 
and four girls; stillbirths: three boys and four girls), 
and 14 with persistent ductus arteriosus (five boys 
and nine girls; stillbirths were not included). 

The aim of the study has been to demonstrate the 
use of the sequential segmental analysis as a routine 
method of describing congenital heart abnormal- 
ities. We found that sequential segmental analysis is 
a logical and convenient approach and one which 
because of its stepwise structure ensures a thorough 
investigation. Although there was considerable 

„discussion about some cases, none of them was 
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unclassifiable by this analysis. We believe that 
sequential chamber analysis is the method of choice 
for describing congenital heart malformations. 


We thank all our colleagues who have supplied the 
material and The Medical Research Foundations of 
Nordjylland and Alborg for financial support. 
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A genetic marker for rheumatic heart disease 
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Riyadh, Saudi Arabia 


SUMMARY The frequency of antigen types (A, B, C, and DR) in an unselected group of 25 
patients with chronic rheumatic heart disease and an unselected group of 15 patients with acute 
rheumatic fever was compared with that in a group of 100 healthy volunteers. All patients and 
controls were Arabs of Saudi origin. Only the frequency of HLA-DR4 was significantly different 
in the controls and the patient groups—controls 12%, chronic rheumatic heart disease 72%, 
acute rheumatic fever 53%, both patient groups together 65% (relative risk 13-6 with 95% 
confidence interval 10-5—16-7). Eighty three per cent of 12 patients with mitral stenosis and 70% 
of seven with aortic incompetence had HLA-DRA antigen. In 17 non-Saudi Arab patients who 
had acute rheumatic fever or chronic rheumatic heart disease, the frequency of HLA-DR4 was 


identical (65%) to that in Saudi patients. 


These findings may have implications for the pathogenesis of rheumatic fever and rheumatic 


heart disease. 


It has long been suggested that genetic factors con- 
tribute towards a predisposition to rheumatic fever 
and rheumatic heart disease.! Though several stud- 
ies of HLA types have been undertaken none has 
conclusively shown a marker for such a predis- 
position. Caughey et al found an increase in fre- 
quency of HLA-A3 and HLA-A8 and a decrease in 
frequency of HLA-A10 in 50 Maori patients with 
rheumatic fever and rheumatic heart disease.? Falk 
et al, however, found that a decrease in HLA-A3 
was the only difference between white patients and 
controls.? These and other similar studies* did not 
contain data on the HLA-DR antigen. None the 
less, this is the antigen that is likely to be important 
in disorders mediated by an abnormal immu- 
nological response.’ 

We have re-examined the possible role of HLA 
antigens, in particular the DR antigens, in predis- 
posing individuals to rheumatic fever and its com- 
plications. 


Patients and methods 
Only patients with acute rheumatic fever that 
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fulfilled the Ducket Jones criteria 7 or chronic rheu- 
matic valvar heart disease were studied. Chronic dis- 
ease was diagnosed in patients aged 12—60 years with 
clinical and echocardiographic evidence of either 
stenosis or regurgitation of both the mitral and aor- 
tic valves and a history suggestive of rheumatic 
fever. Those with no history of rheumatic fever or 
with only one affected valve were excluded from the 
study. 

We studied consecutive outpatients or inpatients 
attending the rheumatic fever and medical clinics 
and medical wards of the King Khalid University 
Hospital in Riyadh. Only Arab patients were stud- 
ied. Clinical conclusions about the nature of a car- 
diac abnormality were always confirmed with echo- 
cardiography. In patients with active arthritis other 
possible articular diseases such as rheumatoid 
arthritis were excluded by careful clinical and sero- 
logical evaluation. 

'The controls were all Saudi nationals of Arab ori- 
gin. They were healthy, symptom free, unrelated 
volunteer medical students and staff members of the 
King Khalid University Hospital. 

Fifty seven Arab (Saudi and non-Saudi) patients 
with acute rheumatic fever or chronic rheumatic 
valve heart disease were HLA typed and 17 who 
were non-Saudi Arabs were excluded from the sta- 
tistical comparisons because all the controls were 
Saudis. 
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Lymphocyte suspensions for HLA typing were 
prepared from freshly drawn human peripheral 
blood by defibrination. 

A, B, and C antigens were determined by the stan- 
dard two stage microlymphocytotoxicity tech- 
nique.® Tissue typing trays covering all 1984 Inter- 
national Histocompatibility workshop specificities 
were obtained from One Lambda Inc. A minimum 
of at least 3—4 sera for each specificity were used. 
Each cell suspension was typed at least twice. 

For HLA-DR antigens too we used 50 sera 
obtained from’ One Lambda Inc and covering all 
specificities. These had been characterised by sepa- 
rate sequential serological screening. We used the B 
cell lymphocytotoxicity method (2 h with antiserum, 
1h with rabbit complement), with enriched B lym- 
phocyte suspensions, prepared from the peripheral 
lymphocytes in nylon wool columns.? 

We compared the frequency of the different HLA 
antigens in patients with acute rheumatic fever and 
chronic rheumatic heart disease as a whole and the 
controls. We also separately compared the individ- 
ual groups—that is those with rheumatic fever and 
chronic rheumatic heart disease with the controls 
and with the other disease group. The y? test was 
used for these comparisons and significance levels 
were corrected for the number of sites tested. 


Results 


We studied 16 male and 24 female Saudi patients 
(mean age 21-4 years, range 13 to 53 years). Twenty 
five had chronic rheumatic valvar heart disease and 
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15 had acute rheumatic fever without evidence of 
chronic valvar heart disease. We also studied 17 
non-Saudi Arabs (nine males and eight ‘females; 
mean age 28 years, range 12-48 years). 

'The frequencies of the A or B antigens were not 
significantly different in the patients as a whole and 
the controls (table 1). 

Of the HLA-DR antigens, only DR4 was 
significantly different in the Saudi population as a 
whole and the controls—65% in patients vs 12% in 
controls, p < 0-01 after correction for the 10 anti- 
gens tested, relative risk!? 13-6 with 95% confidence 
interval of 10-5 to 16-7 (table 1). HLA-DR4 was also 
more common in patients with chronic rheumatic 
valvar heart disease (72% (18/25)) than in the con- 
trols (p < 0-01) and in those with acute rheumatic 
fever without chronic valvar heart disease (53% 
(7/14)) (p < 0-01). Eighteen of the 26 patients with 
HLA-DR4 had valvar heart disease while only seven 
of the 14 without HLA-DR4 had valvar heart dis- 
ease (table 2). 

Although HLA-DR4 was more common in 
patients with rheumatic heart disease (72% (18/25)) 
than in those with acute rheumatic fever without 
evidence of chronic valvular disease (53% (7/14)) 
this trend was not statistically significant. The fre- 
quency of HLA-DR4 was particularly high among 
the two most common chronic valvar abnormalities 
that we saw—that is mitral stenosis (83% (10/12)) 
and aortic incompetence (70% (7/10)). 

The frequency of HLA-DR4 among the 17 non- 
Saudi Arabs with acute rheumatic fever or chronic 
rheumatic valvar heart disease was identical to that 
in the group of Saudi patients (65% (11/17)). 


Tablel Frequency of HLA antigens in Saudi patients with acute rheumatic fever or chronic rheumatic heart disease and tn 


Saudi controls 
C(%) Pt% C(%) Pry 
HLA-A »=100 nw HLA-B nm 100 n=40 
Al 25 25 B5 26 33 
A2 47 40 B7 15 18 
A3 10 20 B8 15 10 
A9 28 38 B12 9 18 
A10 10 18 B13 2 8 
All 10 10 B14 8 10 
A19 36 25 B15 9 0 
A28 18 18 B16 7 0 
A29 0 3 B17 13 13 
A34 3 0 B18 8 0 
B21 21 30 
Bw22 2 0 
B27 2 3 
B35 33 13 
B40 4 8 
Bw4l 10 8 
Bw42 1 0 
Bw46 0 0 


C(%) Pr% C(%) Pt% 
HLA-C  n—100 n=40 HLA-DR n=100 nm40 
Cwl 11 0 DR 28 15 
Cw2 9 25 DR2 34 45 
Cw3 8 10 DR3 38 18 
Cw4 31 20 DR4 12 65* 
Cw5 6 3 DR5 15 10 
Cw6 11 13 DRw6 11 3 
Cw7 29 10 DR7 28 "35 
DRw8 6 0 
DRw9 1 g 
DRwI10 3 0 





*p « 001 compared with controls. 
d controls (Saudis only); Pt, patients. 
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Table 2 Comparison of frequency of HLA-DR4 in Saudi patients with or without valvar heart disease 








DR4 ve DR4 —ve Total 
Chronic rheumatic valvar heart disease 18 (72%) 7 (28%) 25 (10095) 
Acute rheumatic fever with no valvar heart disease 8 (53%) 7 (4795) 15 (100%) 
Total 26 14 40 
Discussion rheumatic heart disease suggests that HLA-DR4 


Because all our patients had both mitral and aortic 
valve disease we feel confident that patients with 
valve disease with other aetiologies, such as mitral 
valve prolapse, were not included in our study. A 
past history of rheumatic fever in all our patients 
further strengthens this confidence. 

Our results suggest that HLA-DR4 predisposes 
individuals to both acute rheumatic fever and 
chronic rheumatic valvar heart disease. These 
results complement the findings of two recent stud- 
ies reported after we had started this study. Ayoub 
found HLA-DR4 in eight out of 10 white American 
patients with rheumatic fever.!! Patarroyo found an 
alloantigen designated 883 in 66% of his patients 
with rheumatic fever.!? Indirect evidence suggested 
that this undefined 883 antigen may be associated 
with the DR locus.!? 

Our results, however, are in conflict with the 
findings of Jhinghan et al from India who reported 
no association with HLA-DR4 but an association 
with HLA-DR3 in their patients with “rheumatic 
heart disease”.'> Whereas our patients had carefully 
documented evidence for a diagnosis of rheumatic 
fever or rheumatic heart disease no inclusion criteria 
were mentioned for the Indian patients. Also only 78 
of these 132 Indian patients gave a past history of 
rheumatic fever and the positive association with 
HLA-DR3 was found almost entirely in the 56 
patients without any past history that was suggestive 
of rheumatic fever. It is therefore possible that 
Jhinghan et al!? studied a heterogenous group of 
patients with heart disease in which rheumatic fever 
was only one of many aetiologies. Alternatively, this 
conflict in results may reflect a true racial variation 
in the predisposition to rheumatic fever. Ayoub 
found that the high frequency of HLA-DRA that he 
found in white patients was not present in the small 
group of black American patients. The almost 
identical HLA-DR4 frequency that we report in 
both Saudi and non-Saudi Arabs suggests that this 
distribution at least holds good for all Arabs. 

HLA-DR4 is significantly more common in 
patients with rheumatoid arthritis.!* Our finding of 
an additional association with rheumatic fever and 


positive individuals are susceptible to developing 
autoimmune diseases of connective tissue. This 1s 
the tissue common to both the joints and the cardiac 
valves—the structures that are affected in rheumatic 
fever, rheumatic heart diseases, and rheumatoid 
arthritis. This suggestion also complements the 
finding that HLA-DR4 positive individuals show a 
heightened responsiveness to collagen.!? 

It is probable that this abnormal immunological 
response directed against connective tissue may be 
initiated by many factors, in the case of rheumatic 
fever Streptococcus pyogenes. HLA-DR4 has been 
shown to be significantly more common in patients 
with ^ post-streptococcal — glomerulonephritis,!$ 
suggesting that heightened responsiveness to 
streptococci was another factor predisposing 
HLA-DR4 positive individuals to rheumatic fever 
and rheumatic heart disease. Recently, a heightened 
responsiveness to Myobacterium tuberculosis has also 
been reported in HLA-DR4 positive individuals.!7 

We hope to confirm our results by extending the 
study to families of individuals affected by rheu- 
matic fever and rheumatic heart disease. 


We thank Dr A Lambourne of the Department of 
Community Medicine, College of Medicine, King 
Saud University, for his help in the statistical anal- 
ysis of the results and the College of Medicine 
Research Council who funded this project. 
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Combined pericarditis and pneumonia caused by 


Legionella infection 


JESPER HASTRUP SVENDSEN, VIGGO JONSSON, UFFE NIEBUHR 
From the Department of Cardiology, Department of Internal Medicine and Department of Thoragic Surgery, 


Gentofte Hospital, University of Copenhagen, Denmark 


SUMMARY During a one year period acute pericarditis was diagnosed in 16 consecutive patients 
without acute infarction or malignancy. In two of these patients with both pericarditis and pneu- 
monia Legionella infection was present. One case was caused by Legionella longbeachae and the 
other by both Legionella longbeachae and Legionella jordanis. When pericarditis is associated with 
pneumonia Legionella infection should be sought so that effective treatment with erythromycin 


may be started early. 


Pneumonia caused by Legionella pneumophila has 
been recognised since 1976.! Legionella infection 
may range from a mild fever with seroconversion to 
the manifest Legionnaires’ disease with severe pneu- 
monia, sepsis, and several extrapulmonary man- 
ifestations,? ^ including both myocarditis* and 
pericarditis.’ ^" 

We describe two cases of severe exudative peri- 
carditis in patients with pneumonia caused by 
Legionella infection and we emphasise the 
importance of separating the Legionella pericarditis 
from other causes of acute pericarditis so that treat- 
ment with erythromycin can be started early. The 
two cases were found among 16 pericarditis patients 
admitted to our hospital in the past year without 
acute myocardial infarction or malignant disease. 


Case reports 


PATIENT A 

A 61 year old man, who had been in good health, was 
admitted with fever, non-productive cough, and 
headache. On admission his temperature was 
40:0°C. The pulse was regular (84 beats/min) and 
the blood pressure was 150/80 mm Hg. A pericardial 
friction rub was heard. There were no signs of right 
ventricular failure. Repeated chest x ray showed 
diffuse fine shadowing of the left lower pulmonary 
lobe and small bilateral pleural effusions. The con- 
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tour of the heart was normal. Cross sectional echo- 
cardiography showed a pericardial effusion with an 
echo free zone measuring 12 mm in diameter. 

The leucocyte count was 12-9 x 10?/1 with 71%, 
neutrophils. After blood had been taken for culture 
he was put on intravenous penicillin (2 million units 
four times a day) and netilmicin (150 mg three times 
a day) without effect. Because a weak positive 
Legionella titre was detected the antibiotic treatment 
was changed to intravenous erythromycin (1g four 
times a day). Four days later oral rifampicin (300 mg 
three times a day) was added because a low grade 
fever persisted. The patient improved and his tem- 
perature became normal. Nineteen days after 
admission the chest x ray was normal and echo- 
cardiography showed only a minor pericardial 
effusion. 

Blood cultures showed no bacterial growth. 
Legionella longbeachae titres were 32 on day 2, 2,000 
on day 14, 512 on day 45, and 256 on day 73. 


PATIENT B 

A 44 year old previously healthy man was admitted 
with acute chest pain. On admission the temperature 
was normal, blood pressure 110/80 mm Hg, and the 
pulse rate was 60 beats/min. A pericardial friction 
rub was heard. No signs of right ventricular failure 
was seen. Electrocardiography showed minor ST 
segment elevations suggesting acute pericarditis. 
Chest x ray revealed cardiac enlargement but no 
lung shadows. The patient was discharged after a 
few days without symptoms and without audible 
friction rub. The cause of the pericarditis was not 
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sought. Six months later he was readmitted with 
identical chest discomfort without fever. Again a 
pericardial friction rub was heard. White blood cell 
counts were 13-4x 10?/l and the erythrocyte 
sedimentation rate was 36 mm/h. The chest x ray 
was unchanged without signs of pneumonia. Cross 
sectional echocardiography revealed a pericardial 
effusion with an echo free zone measuring 5mm 
anteriorly and 10 mm posteriorly. 

Two weeks later, echocardiography showed that 
the size of the pericardial effusion had increased 
considerably and in addition paradoxicat movement 
of the interventricular septum was seen. A 
pericardial fenestration improved the condition 
considerably. Sixteen days after the fenestration the 
patient again had left-sided chest pain and his 
temperature rose to 38:5?C. The chest x ray now 
showed an infiltrate in the left lower pulmonary lobe 
and a left pleural effusion. Pulmonary embolism was 
ruled out. The white blood cell count was 
10-8 x 10?/1 with 76% neutrophils. Treatment with 
intravenous ampicillin (1g four times a day) had no 
effect on fever while oral pivampicillin (700 mg four 
times a day) reduced his temperature to normal. 
Culture of blood and pleural fluid showed no 
bacterial growth. Yersinia, Mycoplasma pneumoniae, 
cytomegalovirus, influenza virus, adeno virus, and 
HIV infection were not found. On day 32 Legionella 
titres were: L longbeachae 256 and L jordanis 256 and 
on day 40: L longbeachae 256 and L jordanis 512. 

He was discharged on day 47 free of symptoms, 
with a normal temperature, a normal white blood 
cell count, and a normal erythrocyte sedimentation 
rate. He was not treated with erythromycin during 
the course of the illness. 


Discussion 


Legionella infection is a rare cause of acute 
pericarditis. In 16 patients with acute pericarditis 
admitted within the past year we found two cases in 
patients with associated pneumonia and serological 
signs of Legionella infection with L longbeachae and 
L jordanis. Unlike L pneumophila, these species have 
not previously been associated with cardiac disease 
in Legtonella infection. 

Unfortunately the pericardial fluid from case B 
was not tested for Legionella; however, Maycock et 
al cultured Legionella from the pericardial fluid’ and 
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confirmed that pericarditis in their case was of a 
primary bacteriological origin. 

Three of the four previously described cases of 
Legionella pericarditis had a fever with a 
temperature of less than 39-0°C.5°® Two had 
pericardial tamponade.? " One of our cases (A) had 
high grade fever whereas the temperature was 
normal in the other case. Both our cases had 
pulmonary shadowing and pleural effusions. Case B 
had antibody titres consistent with Legionella 
infection at the time of the acute episodes of 
pericarditis. The pattern of the Legionella titres 
does not suggest that the patient caught the infection 
at the time of fenestration when pulmonary 
infiltrates were present at an early stage of the 
disease. 

Legionella pericarditis should be suspected in cases 
of combined pericarditis and pneumonia. Prompt 
identification of Legionella will permit early 
appropriate treatment with erythromycin and this 
may prevent the development of long standing 
disease that was seen in our patients. 
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A case of left atrial haemangioma: 
echocardiographic, surgical, and morphological 


features 


. 
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SUMMARY A slow growing encapsulated haemangioma of the left atrium was diagnosed by means 
of cross sectional echocardiography. The heterogenous nature of the tumour was reflected in a 
central area of relative echolucency. After successful surgical removal of the tumour, the patient’s 
symptoms of lethargy and limited exercise capacity improved considerably. 


Case report 


A sixty three year old woman presented with a four- 
teen year history of fatigue and shortness of breath. 
When she was first seen a late systolic murmur had 
been noted and a diagnosis of mitral regurgitation 
was made. During follow up the signs remained 
largely unchanged apart from the development of 
atrial fibrillation which was treated with digoxin. 
Her symptoms of fatigue and breathlessness gradu- 
ally became worse, however, and the murmur was 
noted to have become louder and longer. Because of 
progressive enlargement of the cardiac silhouette on 
chest x-ray she was admitted to hospital for further 
investigation. 

On admission she reported breathlessness after 
walking 100 yards on the flat. She had noticed pal- 
pitation, especially on change of posture. Physical 
examination showed that she was in controlled atrial 
fibrillation with pronounced right and left para- 
sternal impulses. On auscultation there was a loud 
first sound and a normally split second sound; a late 
systolic murmur which varied markedly with pos- 
ture, was loudest at the apex, and radiated to the 
axilla. There were no stigmata of bacterial endo- 
carditis or signs of heart failure. 
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Full blood count was normal; 3% reticulocytes 
were found. The erythrocyte sedimentation rate was 
48 mm/h. On chest x ray the left atrium seemed to be 
enlarged. The electrocardiogram showed atrial 
fibrillation and widespread non-specific T wave 
changes. 

An exercise test was terminated at the end of stage 
2 of the modified Bruce protocol because of consid- 
erable breathlessness and ventricular bigeminy. 

At cardiac catheterisation pressures (mm Hg) were 
as follows: pulmonary capillary wedge, V = 25, 
mean 12; pulmonary artery, 35/15; right ventricle, 
35/8; right atrium, mean 7; aorta, 160/60; left ventri- 
cle, 160/12. There were no aortic or mitral valve 
gradients. 

It was noted that the right heart catheter was dis- 
placed to the right as it traversed the right atrium. 

Coronary angiography showed a normal myo- 
cardial circulation from the right and left coronary 
systems but injections from both the right and left 
showed an abnormal circulation in the region of the 
atria. 

Cross sectional echocardiography showed a mass 
4 x 6cm in the region of the interatrial septum. The 
mass was immobile and multiple echolucent areas 
suggested a “soft” or cystic centre (fig 1). In view of 
these findings it was felt that the left atrium should 
be surgically explored. 

At operation we found a spongy lobulated mass 
15cm x 10cm arising from the epicardial surface of 
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Fig 1 
of interatrial septum. 


the posterior wall of the left atrium close to the 
orifices of the superior pulmonary veins and tracking 
anteriorly from the transverse sinus medial to the 
superior vena cava. An additional separate mass 
(2cm x 2cm x lcm) of the same consistency arose 
from the anterior surface of the aortic root and 
extended into the atrioventricular groove. 

The left atrium was explored on cardiopulmonary 
bypass. It was found that the tumour had not arisen 
from within the atrium but rather had been com- 
pressing it from without. The mitral valve showed 
slight prolapse but this was not considered to be 
sufficiently severe to warrant repair. The visceral 
pericardium which was encapsulating the tumour 
was incised and the haemangioma was enucleated 
with some difficulty. The patient made an 
uneventful recovery and her symptoms of fatigue 
and limited exercise capacity improved consid- 
erably. She remains well five years after operation. 


HISTOLOGY 
Macroscopically the excised mass measured 14cm x 
10cm x 45cm and was spongy in consistency (fig 
2). It was divided into ill-defined lobules by fibrous 
septa and these lobules were composed of a mesh- 
work of small blood-filled spaces. There was a more 
centrally placed yellow firmer area measuring 8cm 
x 3cm situated towards one end of the specimen. 
Light microscopy showed a benign haemangioma 
of the atrium. The predominantly spongy areas of 
the tumour were composed of large vascular spaces 
lined by flattened endothelium and in some areas 
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Four chamber cross sectional echocardiogram showing tumour mass 1n region 


these contained elastic and other collagen fibres in 
their walls. The more solid yellow area was made up 
of loose myxoid tissue containing small vessels. 

The separate specimen removed from the aortic 
root had a similar histological appearance as the main 
tumour mass. 


Discussion 


Primary tumours of the heart are rare—according to 
McAllister and Fenoglio in 1978 there were fewer 
than 1000 published reports of cases of cysts and 
neoplasms of the heart and pericardium.' The anal- 
ysis of 533 of their own cases by these workers 
showed that 76%, were benign and that the common- 
est tumour was a myxoma, accounting for 25% of all 
such lesions of the heart and pericardium. A hae- 
mangioma is the commonest vascular tumour arising 
from the heart but accounts for only approximately 
5^". of all benign cardiac tumours in adults.' f 

In 1975 Tabry et al, reporting a case similar to our 
own, found only 35 cases of haemangioma of the 
heart reported throughout the world.* Since these 
reports, we have found only one further case—a right 
ventricular haemangioma in a fifteen year old girl.* 
This last case showed cross sectional echo- 
cardiographic features similar to those of our patient 
but the tumour was found to be inoperable. 

Three out of fifteen cases reported by McAllister 
and Fenoglio presented with symptoms similar to 
those occurring with myxomas and at necropsy had 
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Fig2 Cut surface of surgically excised tumour showing ill-defined lobules and dis- 


tinct central myxoid area. 


a tumour protruding into a cardiac chamber— the 
right atrium in two cases and the left ventricle in a 
third. In two a mass was discovered on routine chest 
x ray and they were operated on with a suspected 
diagnosis of pericardial cyst. Histologically, hae- 
mangiomas of the heart are identical with hae- 
mangiomas occurring at other sites in the body. 
They may consist of closely packed capillary struc- 
tures or widely dilated vascular channels lined by 
flattened endothelial cells and with focal connective 
tissue in the walls— the pattern of cavernous 
haemangioma—as seen in the present case. 

Cardiac tumours are rare, but the commonest, 
myxomas, can be diagnosed because their intrin- 
sically mobile nature aids in their detection by echo- 
cardiography. By contrast, haemangiomata, which 
are much less common, are sessile. This explains 
why in the present case M mode echocardiography 
could not distinguish the haemangioma from an arte- 
fact. Cross sectional study showed a mass 4cm x 
6cm in the region of the interatrial septum. A strik- 
ing feature was the lack of homogeneity of the 
reflected ultrasound from the mass which had an 
apparently echolucent centre. Morphologically these 
findings were found to correspond with a large area 
in which the dense sinusoidal tumour had apparently 
undergone spontaneous degeneration leaving a loose 
stroma. Similar structural and echocardiographic 
features have been previously described* and may 
represent a means of recognising such tumours on 
ultrasound. 


In our patient, radiological evidence suggested 
that the tumour had grown slowly and progressively 
over a period of ten years. It was completely encap- 
sulated, in contrast with the typical friable, gela 
tinous composition of myxomas. There had been no 
clinical evidence to suggest embolism seen with 
unencapsulated tumours in the left atrium 

There was no evidence of major haemodynamic 
disturbance in our patient. A late systolic murmur 
was consistently noted over the years. We found that 
the intensity of this murmur varied strikingly with 
posture, being much louder when the patient was 
upright. In addition, a formal exercise test was ter- 
minated in stage 2 of the Bruce protocol because of 
ventricular bigeminy. These features suggest that 
the tumour may have affected cardiac function in the 
upright position by impairing left atrial emptying 
Postoperatively there was a great subjective 
improvement in her exercise tolerance and she 
reached the end of stage 4 of the Bruce protocol 

Intra-atrial masses derive a blood supply from the 
coronary circulation. Long standing left atrial 
thrombosis in patients with rheumatic mitral disease 
may be revealed as a “blush”, especially from the left 
coronary injection. Myxomas too have a vascular 
supply from the coronary arteries. ^ The appear 
ance of the coronary angiogram of our patient 
showed the sinusoids of the haemangioma filling at 
the same time as the coronary venous phase 
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Left atrial vascularised thrombus diagnosed by 
transoesophageal cross sectional echocardiography 


MEINDERT A TAAMS,* ELMA J GUSSENHOVEN,*t CHARLES T LANCEE* 


From the * Thoraxcenter, Erasmus University Rotterdam and the t Interuniversity Cardiology Institute, 
* 


The Netherlands 


SUMMARY This report describes a patient with a Bjórk-Shiley mitral valve prosthesis in whom 
transoesophageal cross sectional echocardiography revealed a large vascularised mass within the 
left atrial appendage with smoke-like opacification of blood flow in the left atrium. Trans- 
oesophageal cross sectional echocardiography gave a detailed image of the lesion which was 
unobtainable with precordial cross sectional echocardiography. 


Left atrial thrombi are common in patients with low 
cardiac output and are predominantly situated in the 
left atrial appendage.! Precordial cross sectional 
echocardiography is the technique of choice for the 
identification of intracardiac mass lesions. However, 
the left atrial appendage is difficult to visualise and 
morphological details are rarely obtained.? Trans- 
oesophageal echocardiography offers the potential of 
imaging this cardiac area in detail.? * 

We describe the role of transoesophageal cross 
sectional echocardiography in the detailed analysis 
of a left atrial vascularised thrombus. 


Case report 


A 66 year old woman was admitted with congestive 
cardiac failure and central cyanosis. In 1976 the 
mitral valve had been replaced with a spherical 25 
Bjórk-Shiley prosthetic valve because of severe 
mitral valve stenosis and moderate regurgitation. 
She had had atrial fibrillation for many years. Five 
months before admission a VVI pacemaker was 
implanted because long periods of asystole and rapid 
paroxysmal atrial fibrillation were causing symp- 
toms. Three weeks before admission she had noticed 
increasing fatigue and general malaise. On 
admission she was in New York Heart Association 
functional class IV and was taking digoxin, 
diuretics, and oral anticoagulants. 

On physical examination she had orthopnoea and 
was afebrile. The blood pressure was 170/60 mm Hg 
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and the pulse rate 90 beats/minute. Jugular venous 
pressure was elevated. A strong right ventricular lift 
was palpated at the left sternal border. A loud pul- 
monary closure sound was heard. The prosthesis 
produced crisp metallic opening and closing clicks. 
There was no mitral imcompetence but there was a 
grade III/VI tricuspid murmur. The liver was 
enlarged 5 cm below the costal margin. There was no 
peripheral oedema. There were no physical signs of 
endocarditis or of peripheral embolisation. The 
electrocardiogram showed atrial fibrillation and 
right ventricular hypertrophy. The cardiothoracic 
ratio on the chest x ray was 0-66 and there were signs 
of pulmonary congestion. 

While she was on oxygen support arterial blood 
gas analysis showed severe hypercapnoea, hypox- 
aemia, and low oxygen and carbon dioxide satur- 
ations. Routine laboratory investigations were 
within normal limits. There were no signs of hae- 
molysis. Emergency right heart heart catheterisation 
showed pulmonary hypertension (64/24 mm Hg), a 
raised pulmonary capillary wedge pressure 
(27mmHg) and mean right atrial pressure 
(12 mm Hg), and a low cardiac index (2:6 l/min/m"). 

Precordial cross sectional echocardiography with 
a 3-5 MHz transducer showed left atrial dilatation 
with a left atrial dimension of 100mm; the left ven- 
tricle was of normal size with good contractility. 
Continuous wave Doppler investigation showed an 
early diastolic velocity of 2:3 m/s over the prosthesis 
and a mean velocity of 1-8 m/s. She improved drs- 
matically on intravenous vasodilators, diuretics, and 
oxygen. Repeat catheterisation after two weeks 
showed that right and left cardiac pressures had 
dropped to normal. The cardiac index was 
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1-81/min/m?. There was no mitral valve incom- 
petence. No gradient was found over the mitral 
prosthesis and at screening disc motion seemed 
unimpaired. There was grade 2 aortic incompetence. 
The coronary arteries appeared normal. Cine- 
angiography showed that the atrial branch of the left 
coronary artery supplied a mass lesion within the left 
atrium (fig 1) but gave no specific details about the 





Fig 1 Left coronary artery angiogram showing a 
vascularised structure in the left atrium (arrow). 
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mass. A repeat continuous wave Doppler study 
showed that the mean velocity over the valve pros- 
thesis had dropped to 1-1 m/s. 

Because precordial echocardiography gave an 
image of unsstisfactory quality, we decided to use 
transoesophageal echocardiography to obtain more 
details about the nature, extent, and location of the 
mass. We used a 5:6 MHz transducer (64 elements) 
mounted on an Olympic gastroscope and interfaced 
with a commercially available ultrasonograph.* The 
inter-element spacing of the individual elements is 
210 um, so that the active area of the transducer 
resembles the active area of precordial 5 MHz 
phased array transducers. The housing of the 
oesophageal transducer is much smaller than that of 
the precordial transducer. 

The Bjórk-Shiley prosthesis and disc showed no 
apparent abnormalities and its motion was 
undisturbed. The enlarged left atrial cavity was 
completely filled with echoes swirling in phase with 
the inflow of blood from the pulmonary veins (fig 2). 
From the dilated left atrial appendage a mass 
emerged into the left atrial cavity along the lateral 
wall, reaching the orifices of the left pulmonary 
veins. In cross-section the lesion measured approxi- 
mately 20x 80mm. Within this lesion there were 
several echo-free spaces (fig 2). The image of the 
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Fig2 Transoesophageal cross sectional echocardiograms 
taken at the level of the left atrium (LA) showing numerous 
micro-echoes in the dilated left atrium (a). Blood flow 
coming from the pulmonary veins had immediate effect on the 
microbubble movement. A slight ult of the transducer 
revealed a mass attached to the left atrium lateral wall (b; 
open arrow) which emerged into the left atrial appendage (c; 
arrows). Oblong echo-free spaces were visible within this 
mass ( arrow 1; 2). Ao, aorta; RA, right atrium; MV, 
mitral valve prosthesis 
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Left atrial vascularised thrombus diagnosed by transoesophageal cross sectional echocardiography 


mass suggested a thrombus. The favourable clinical 
course and improvement of the non-invasive and 
invasive data suggested that the patient’s condition 
was the result of intermittent valve obstruction pro- 
duced by dislodged thrombus. We therefore decided 
to operate. We found a large organised thrombotic 
mass attached to the atrial lateral wall and partially 
obstructing the entrance of the left pulmonary veins. 
The patient’s postoperative course was uneventful. 
Microscopy showed typical thrombus material with 
fibrin layers and scar tissue containing small and 
medium-sized vessels. The left atrial endocardium 
consisted of elastic fibres mixed with scar tissue, and 
the myocardium was collagenous with scattered 
elastic tissue. 


Discussion 


Echocardiographic imaging of circulating blood in 
the left atrium has been described in obstructive 
mitral valve disease. The low shear rates associ- 
ated with low blood flow favour rouleaux for- 
mation,’ * and predispose to thrombus formation.® 
Our patient had scattered echoes from the atrial 
blood pool and an abnormal mass in the left atrium. 
Doppler, cardiac catheterisation studies, and sur- 
gical inspection showed no evidence of mitral valve 
obstruction. The possible presence of concomitant 
aortic regurgitation was obscured by the diastolic 
inflow Doppler signal over the mitral valve pros- 
thesis. We assume that the echogenicity of the atrial 
blood was caused by the low blood flow created by 
the aneurysmal left atrial dilatation that in turn was 
the result of longstanding mitral valve disease before 
valve replacement and by low cardiac output. This 
might have been the result of the partial loss of atrial 
muscular fibres that was confirmed at postoperative 
microscopic investigation. This resulted in 
progressive left atrial enlargement and impaired 
atrial function. In 1955 Bailey described a similar 
condition of the right atrium.? 

Because attenuation along the ultrasound propa- 
gation path is much reduced by transoesophageal 
echocardiography a high frequency transducer can 
be used. High frequency improves resolution and 
also increases the sensitivity for back-scattering. In 
particular small particles will produce a back- 
scattering signal with an intensity (I) which shows a 
strong non-linear relation with frequency (f), where 
I + f*,!? Thus the sensitivity for objects producing 
back-scattering will increase with frequency. 

Under normal conditions increased back- 
scattering in blood at diagnostic frequencies 
(2-5 MHz) can only be explained by an increase in 
the ratio of blood particle size to wavelength. The 
mechanism for this increase in particle size must be 
an aggregation of blood cells associated with low 
blood flow. A high frequency transoesophageal 
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transducer will therefore detect stagnant blood flow 
more effectively than precordial examinations at 
lower frequencies.'! There are two possible expla- 
nations why precordial echocardiography failed to 
image the lesion. Firstly the position of the 
oesophageal transducer results in a much better sig- 
nal to noise ratio than the precordial position. Also 
the position of the thrombus in relation to the pre- 
cordial acoustic window may hamper adequate 
imaging. The high resolution images also showed 
oblong echolucent areas within the lesion that indi- 
cate the vascularisation of this lesion, which was also 
noted on the angiograms. 


We thank Dr Max Haalebos, who performed cardiac 
surgery; Dr Nienke Essed, for pathological and 
anatomical studies; and Kees Ligtvoet, who gave 
technical advice. 

This work was partly supported by grants of Old- 
elft Industries and Pie Medical, The Netherlands. 
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Combined percutaneous balloon dilatation of the 
aortic valve and coronary angioplasty 


N BISHOP, MR REES, A F MACKINTOSH 


From Killingbeck Hospital, Leeds 


SUMMARY A 75 year old man with severe angina caused by aortic stenosis and coronary artery 
disease was considered to be unsuitable for cardiac surgery after the recent removal of a bronchial 
carcinoma. Combined percutaneous balloon dilatation of the aortic valve and right coronary 
angioplasty considerably ameliorated the patient’s angina. 


Case report 


A 75 year old man had a two year history of exer- 
tional angina and dyspnoea that was getting worse 
despite treatment with propranolol and bumetanide. 
Left heart catheterisation in May 1985 demonstrated 
an aortic valve gradient of 60mm Hg. Coronary 
angiography showed a discrete 90% stenosis in the 
mid portion of the dominant right coronary artery 
(fig 1) and several areas of stenosis in the left anterior 
descending artery with a maximum narrowing of 
90%. On admission in November 1985 for aortic 
valve replacement and aortocoronary bypass surgery 
a preoperative chest x-ray demonstrated a mass in 
the upper lobe of the right lung. Cardiac surgery was 
cancelled and at lobectomy a well differentiated 
adenocarcinoma was removed; no local spread of 
tumour was found. No evidence of tumour recur- 
rence was found in the following months but the 
angina became progressively worse, occurring when 
he walked across a warm room and at rest. 

In September 1986 percutaneous coronary angio- 
plasty and balloon dilatation of the aortic valve were 
attempted. The heavily calcified aortic valve was 
approached from the brachial artery and crossed 
with an exchange guide wire and progressively 
dilated with 10, 14, and 16 mm balloons (Meditech). 
Each balloon was inflated three times for 20 seconds 
ata pressure of 3-5 atmospheres. The femoral artery 
pressure was recorded continuously and fell slightly 
during balloon inflation. The gradient was reduced 
to 35mm Hg (fig2). Aortography demonstrated no 
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change in the minimal aortic regurgitation. A bra- 
chial guide catheter could not be positioned in the 
right coronary artery, so a femoral guide catheter was 
used. Narrowing of the right coronary artery was 
reduced from 90% to 30% with an ACS ultra-low 
profile 3-0 mm balloon. No attempt was made to 
dilate the diffusely diseased left coronary artery. The 
patient tolerated this 130 minute procedure and was 
discharged after three days. 

One year later he has considerably improved effort 
tolerance. Apart from chest pain on walking up steep 
hills, he is free of angina. 





Fig ! 
angioplasty. 


Right coronary angiogram before coronary 
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Combined percutaneous balloon dilatation of the aortic valve and coronary angioplasty 





Fig 2 Simultaneous pressure traces from the left ventricle 
and femoral artery (a) before and (b) after aortic 
valvuloplasty. 


Discussion 


Angioplasty is a well established intervention that is 
suitable for some patients with coronary artery dis- 
ease. Until recently many patients with severe aortic 
stenosis, for whom valve replacement was consid- 
ered inappropriate, could be offered little effective 
treatment. Balloon dilatation of the calcified aortic 
valve has now been shown to be effective, though the 
safety and long term benefits of the procedure have 
yet to be established. ? 
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Some patients with severe aortic stenosis and 
angina have clinically significant coronary artery 
disease. Our case shows that combined balloon 
dilatation of coronary stenosis and the aortic valve 
can produce worthwhile improvement in symptoms. 
Such palliative procedures may be appropriate in 
patients who are considered to be unsuitable for 
cardiopulmonary bypass surgery. 

The duration of the combined procedure was pro- 
longed because we could not obtain a stable position 
for the guide catheter in the right coronary artery 
from the brachial approach; but the patient-remained 
comfortable throughout the procedure. The best 
sequence of balloon dilatations is uncertain. An ini- 
tial coronary angioplasty would improve myocardial 
perfusion and might reduce the hazards of balloon 
dilatation of the aortic valve.* 
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Coronary artery surgery and myxoedema 
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From the *Department of Cardiac Surgery, Royal Victoria Hospital, and t Department of Cardiology, Belfast 


City Hospital, Belfast 


. 


SUMMARY A patient with a preoperative diagnosis of myxoedema had triple vessel coronary 
artery bypass surgery. The perioperative and postoperative course was essentially uneventful. 
The most appropriate management of a patient with coronary artery disease who has concomitant 
myxoedema is first to improve myocardial blood flow by relieving coronary obstruction and then 


to treat the thyroid deficiency. 


Management of patients with concomitant myxo- 
edema and coronary artery disease is difficult.' In 
1938 Smyth described the clinical dilemmas associ- 
ated with providing adequate thyroid hormone 
replacement therapy in such patients. Thyroxine 
supplementation commonly increases anginal symp- 
toms, and progression to myocardial infarction has 
been reported.? This is a particular problem when 
the myocardial disease is considered suitable for 
coronary artery revascularisation. Paine etal 
reported one death in six patients after attempted 
preoperative hormone replacement.’ To date, there 
has not been a large study of the diagnosis and sub- 
sequent management of hypothyroid patients with 
chest pain. In patients with myxoedema coronary 
artery disease tends to be more extensive* than usual 
and these patients require detailed and careful 
investigation. 

We present a case report which we believe lends 
support to a specific and useful form of management 
by adequate investigation followed by coronary 
artery revascularisation and postoperative thyroid 
hormone replacement therapy. 


Case report 


A 35 year old man was admitted to the cardiac 
surgery unit for myocardial revascularisation. He 
gave a three year history of increasing angina pec- 
toris with recent exacerbation making him house- 
bound. He was now experiencing rest and nocturnal 
pain and further questioning revealed recent weight 
gain (201b (10kg)) and cold intolerance. Angio- 
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graphy, a year before, had demonstrated severe tri- 
ple vessel disease with 270% stenosis of the 
marginal circumflex and left anterior descending 
coronary arteries, complete blockage of the right 
coronary artery, and moderate distal disease. 

He was obese (weight 14 st 41b (90 kg), height 5 ft 
10in (178cm)). The pulse rate was 80 beats per 
minute and regular. His blood pressure was 
100/60 mm Hg prone, and heart sounds were nor- 
mal. The jugular venous pressure was not elevated, 
there was no peripheral oedema, and his chest was 
clear. He had normal distribution of body hair and 
no palpable masses in neck or abdomen. Neuro- 
logical examination suggested sustained ankle jerks. 

Routine preoperative investigations were per- 
formed: haemoglobin (14-6 g/dl); mean corpuscular 
volume (120f (normal range 84~-98)); normal 
platelet and leucocyte counts. Although creatine 
kinase was raised (100U/1 (normal range 
30-140 U/D), the concentration of the isoenzyme 
creatine kinase was within normal limits. The 
electrocardiogram showed low voltages with 
widespread T wave flattening and minimal ST 
depression in chest leads V4 to V6. There were no 
specific changes suggestive of myocardial infarction. 

We thought that the initial haematological and 
biochemical findings together with the clinical and 
electrocardiographic findings suggested a diagnosis 
of myxoedema. Thyroid function tests were per- 
formed. These showed a free thyroxine value of 
4pmol/l (normal range 9-26), thyroid stimulating 
hormone 33 mU/l (normal range 0-5). The diagno- 
sis of myxoedema was confirmed immediately before 
operation. The operation was performed as planned 
with reverse saphenous vein grafting into the three 
main vessels; each graft required endarterectomy. 

Although the procedure was carried out under 
controlled hypothermia the patient's temperature 
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was 37-5°C when he came off bypass. The patient's 
postoperative course was essentially uneventful; 
however, he did require dopamine support 
(5 ug/kg/min in reducing dosage) for twelve hours 
after operation. His temperature fell to 35-3°C when 
he returned to the recovery ward. It remained at this 
level for 24 hours and was not normal until 48 hours 
after operation. Twenty four hours after operation, 
he was extubated and was started on L-thyroxine 
25 ug/day; the dose was gradually increased over ten 
days to 100 ug/day. 

He was discharged 14 days after operation and 
remained well and symptom free until four months 
after operation when anginal symptoms returned. At 
this stage his haemoglobin was 6-0 g/dl and mean 
corpuscular volume was 98 fi; serum vitamin B,; 
was at the lower limit of normal and serum folate at 
the upper limit of normal. Bone marrow exam- 
ination revealed gross megaloblastic change at all 
stages of erythropoiesis. Pernicious anaemia was 
suspected; this diagnosis was confirmed by a positive 
Schilling test. Hydroxocobalamin treatment was 
started. After the haemoglobin concentration had 
returned to normal, the anginal symptoms regressed 
significantly but did not disappear. He continued to 
be biochemically and clinically euthyroid. 


Discussion 


In patients with severe and, in particular, unstable 
angina thyroid replacement therapy can exacerbate 
symptoms by increasing the heart rate, myocardial 
contractility, and myocardial oxygen consumption. 
Thus patients with angina and myxoedema often 
end up with continuing angina and inadequately 
treated myxoedema.! Coronary artery bypass 
surgery may provide a more rational therapeutic 
approach to this combination of diseases because 
after successful coronary revascularisation the 
myxoedematous patient may be better able to toler- 
ate adequate doses of thyroid preparations.! ?* We 
believe that our experience with the present case 
supports this approach. 

Our patient presented with clinically unstable 
angina and clinical and laboratory findings sug- 
gestive of myxoedema. Angiography indicated that 
he was a suitable, but not ideal, candidate for a 
revascularisation procedure (moderate ‘‘distal dis- 
ease" was demonstrated). It was clear that he was 
not going to be able to withstand full hormone 
replacement therapy because he was profoundly 
hypothyroid and yet had rest pain on maximal anti- 
anginal treatment. With this in mind, and in view of 
the potential inadequacies of the available medical 
management, we decided to proceed to bypass 
surgery. 

Operation in myxoedematous patients is more 
hazardous because of the increased risks of infection, 
cardiovascular instability and collapse, respiratory 
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depression, paralytic ileus, and of the development 
of an inappropriate antidiuretic hormone-like syn- 
drome. In addition body tissue is more friable. 
These potential problems must be weighed against 


‘the real danger of the complications associated with 


medical management. Once surgery is decided 
upon, the question of preoperative thyroid hormone 
replacement therapy must be faced and the 
conflicting evidence analysed. 

Nelson etal reported two patients with myxo- 
edema who underwent coronary artery bypass 
surgery; one did not have thyroid hormone supple- 
mentation before operation.* His postoperative 
course was complicated by an inappropriate anti- 
diuretic hormone-like syndrome, paralytic ileus, and 
infection. T'he second patient was given a small daily 
dose of 10 ug thyroxine before operation and did 
well after operation on a dose of 200ug of L- 
thyroxine. The experience of Paine et al, however, 
suggests that thyroid replacement is not necessary 
before operation (only one of his series of six 
patients had a complicated course) and that thyr- 
oxine should be introduced gradually after operation 
with regular assessment of electrocardiograms and 
serum concentrations of thyroid stimulating hor- 
mone. Myerowitz eral found no noticeable 
improvement in haemodynamic function (cardiac 
index, left ventricular index, oxygen consumption) 
in 10 patients treated with small doses of thyroxine 
before operation.) They therefore concluded that 
preoperative treatment offers no clinical or hae- 
modynamic benefit. 

The result in our patient supports the view that 
coronary artery surgery is not contraindicated in 
cases of untreated myxoedema and that 
revascularisation can be performed safely in such 
cases before thyroid replacement therapy, and 
indeed is the regimen of choice. Mild angina has 
persisted in our patient although it has become more 
stable. Because he remains euthyroid we believe that 
extensive distal disease is the main reason for the 
persistence of angina. 
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The use of an endotracheal tube for cannulation of 
left superior vena cava via coronary sinus for repair 
of a sinus venosus atrial septal defect 


ANDREW M HARRIS, SAID SHAWKAT, JOHN S BAILEY 
From the Sub-Regional Cardiothoracic Unit, Department of Surgery, Groby Road Hospital, Leicester 


SUMMARY A reinforced cuffed endotracheal tube was used to drain blood from a left superior 
vena cava via the coronary sinus during patch repair of a sinus venosus defect in a 65 year old 
patient. This approach produced good drainage and a bloodless operative field. 


It is estimated that a left superior vena cava 18 
present in approximately 0:395 of the general 
population! ? and in 4% of patients with heart dis- 
ease.? 7 Commonly it drains into the coronary 
sinus. If adequate cardiopulmonary bypass is to be 
established for intra-atrial procedures, such as 
closure of atrial septal defects, the left sided superior 
vena cava must be drained adequately. A cardiotomy 
suction cannula may be used to control the left 
superior vena caval flow through the coronary 
sinus,’ Alternatively; the left superior vena cava can 


be cannulated directly. The use of the cuffed, rein- | 


forced endotracheal tube (Mallinckrodt) not only 
removes more blood from the operative field than 
use of a cardiotomy suction cannula but also is easier 
and less time consuming than direct cannulation and 
snaring of the persistent left superior vena cava. 


Case report 


A 65 year old man first presented with atrial 
fibrillation, heart failure, and clinical signs of an 
atrial septal defect, which was confirmed by catheter 
studies. He refused operation because his symptoms 
improved on medical treatment. Ten years later he 
again presented with increasing dyspnoea; on this 
occasion he consented to operation. Cardiac catheter 
studies again confirmed an atrial septal defect and 
3-6:1 left to right shunt, pulmonary hypertension, 
a left sided superior vena cava draining to the 
coronary sinus, and an absent innominate vein. 
Surgical repair was performed through a median 
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sternotomy. As expected, there was no innominate 
vein. A large left superior vena cava and small right 
superior vena cava drained with both the superior 
and inferior pulmonary veins into a sinus venosus 
abnormality which communicated with the left 
atrium in a conventional way through a defect high 
in the atrial septum. Cardiopulmonary bypass was 
established from snared cannulas in the right 
superior and inferior vena cava to the aortic root. 
The patient was cooled to 28°C, the aorta was cross 
clamped, and cardioplegia was used. A right atrio- 
tomy was made and the atrial septal defect and large 
coronary sinus were noted. A size 6 reinforced 
cuffed endotracheal tube (Mallinckrodt) was then 
inserted via the coronary sinus into the left superior 
vena cava and connected to the venous drainage 
pipes. We controlled blood leakage around the tube 
and sustained good drainage by intermittently 
adjusting the volume of the endotracheal tube cuff. 
We did not need to use snugging of the left superior 
vena cava or pump suckers to maintain a dry and 
clear operative field. Throughout the procedure 
venous drainage from the left superior vena cava was 
adequate with a small adjustment of the cuff. The 
cannula was removed from the coronary sinus before 
atriotomy repair. Cardioversion with a DC shock 
was used to convert ventricular fibrillation to nodal 
rhythm as the patient came off bypass. He required 
pacing for about 24 hours; after this the preoperative 
rhythm of atrial fibrillation resumed. 


Discussion 
Surgical repair of an atrial septal defect in adults and 


in patients over 60 years of age has been reported 
before.?^!! As an isolated anomaly a left sided 
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superior vena cava that drains into the coronary 
sinus is of no significance. However, assessment of 
anomalous venous drainage, such as a left superior 
vena cava, either preoperatively by conventional 
radiology, catheter studies, and echocardiography, 
or at operation is essential when operative repair of 
congenital anomalies of the heart is being under- 
taken. We found that cannulation of the left superior 
vena cava via the coronary sinus with a cuffed endo- 
tracheal tube produced adequate bypass simply and 
quickly and a clear field of vision. T'his improved the 
technical ease with which the atrial septal defect was 
closed with a patch. 
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How useful are the cold pressor test and sustained 
isometric handgrip exercise with radionuclide 
ventriculography in the evaluation of patients with 


coronary artery disease? 


Sir, 

I read with interest the opinions of Northcote and 
Cooke (1987;57:319-28) on the use of gated blood 
pool scanning with either isometric handgrip or cold 
pressor testing for the detection of coronary artery 
disease. 

Giles et al used a nuclear probe capable of mea- 
suring beat to beat ejection fraction to study these 
responses and found that troughs in left ventricular 
ejection fraction occurred at 2-5 min (range 0:5 to 
3-0 min) for handgrip and 1-7 min (range 0-5 to 3-0 
min) for cold pressor in patients with confirmed 
coronary disease.! Normal controls also had troughs 
within 3:0 min. There was considerable overlap 
between patients and controls in terms of both the 
fall in ejection fraction and the absolute level 
attained. 

Gated blood pool scanning with five minute 
acquisition seems to be a poor technique for 
analysing a transient phenomenon with peak effect 
occurring in less than three minutes. The best that 
can be measured is an average ejection fraction 
response. Others have confirmed the time course for 
cold pressor testing with first pass blood pool 
scanning*; and both isometric handgrip and cold 
pressor were tested by Jones ez al,? who used a tech- 
nique similar to that of Giles et al. 

Use of cold pressor testing or isometric handgrip 
to detect coronary artery disease is an attractive idea. 
Unfortunately, with current radionuclide blood pool 
imaging methods it does not work. 


Peter Marx, 

1560 East Chevy Chase Drive 355, 
Glendale, 

CA 91206, 

USA. 
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This letter was shown to Dr Northcote, who replies 
as follows: 


Sir, 

Review of our paper evaluating both cold pressor 
testing and isometric handgrip exercise in conjunc- 
tion with radionuclide ventriculography shows that 
we are not at variance with the views of Dr Marx. 
We clearly conclude from our results that both 
interventions produce data of poor specificity and 
sensitivity for the detection of coronary artery 
disease. 

It was not, however, our exclusive remit to exam- 
ine the usefulness of these tests in the detection of 
coronary artery disease. We also undertook to estab- 
lish their viability when used in serial experiments, 
for example in long term drug studies or in a 
coronary care setting where repeat scans may be 
required. Under these circumstances, cold pressor 
testing and to a lesser extent isometric handgrip did 
prove to be useful with an acceptable coefficient of 
variation. 


Correspondence 


We are of course aware of previous work in this 
field quoted by Marx and are also aware of the use of 
the nuclear probe with these interventions, which 
with its beat to beat variation in ejection fraction has 
its own intrinsic problems. 

It may be a compromise for serial studies to use 
cold pressor testing or isometric handgrip exercise 
in conjunction with gamma cameras with a high 
sensitivity collimator and image for two to three 
minutes rather than five. Dynamic exercise remains 
the ideal intervention for this technique, however, 
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when one can be satisfied that movement artefact 1s 
not important. Where this is not possible, however, 
either the cold pressor test or handgrip test may be 
useful for the serial evaluation of left ventricular 
performance but not for the detection of coronary 
artery disease. 


Robin J Northcote, 

Department of Medical Cardiology, 
Victoria Infirmary, 

Glasgow. 
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Notices 





British Cardiac Society 


The Annual General Meeting for 1988 will take 
place in Belfast on 23 and 24 March 1988, and the 
closing date for receipt of abstracts will be 4 January 
1988. 


Asean cardiology 

The 7th Asean Congress of Cardiology will be held 
at the Midtwon Ramada Hotel, Manila, on 24 to 27 
February 1988. Inquiries to: Secretariat, The 7th 
Asean Congress of Cardiology, Philippine Heart 


Association Inc, c/o Philippine Heart Center, East 
Avenue, Quezon City, Philippines 1630. 


Holter monitoring 


The 3rd International Symposium on Holter Mon- 
itoring will be held at the Hilton Hotel, Vienna, on 
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28 to 30 April 1988. Further information from: 
Dr Heinz Weber, c/o Interconvention, PO Box 80, 
A-1107 Vienna, Austria. 


Cardiology—Moroccan, French, American 
meeting. 


An International Congress of Cardiology, co- 
sponsored by the Council on Clinical Cardiology of 
the American Heart Association, will be held in 
Marrakesh on 2 to 5 November 1988. Further infor- 
mation from: Dr M Benomar, Ligue Nationale de 
Lutte Contre les Maladies Cardiovasculaires, B P 
1326, Rabat R P, Marocco; Dr Y Grosgogeat, 
Groupe Hospitalier Pitié-Salpétriére, Service de 
Cardiologie, 47 Boulevard de l'Hópital, 75013 Paris, 
France; Dr W C Sheldon, The Cleveland Clinic 
Foundation, Department of Cardiology, 9500 
Euclid Avenue, Cleveland, Ohio 44106, USA. 
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Advanced cardiology 
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This course on advanced cardiology is planned to 
provide cardiologists, academic physicians and 
physicians having a major interest in cardiology with 
an opportunity to review recent developments and 
current problems, including the practical management 
of many aspects of cardiology. Course members will be 
encouraged to participate in the sessions. 


The course will be held at the Royal College of 
Surgeons of Edinburgh. The Directors of Studies will be 
Professor M F Oliver, The Duke of Edinburgh 
Professor of Cardiology at the University of Edinburgh; 
Dr T R Shaw, Consultant Cardiologist at the Western 
General Hospital in Edinburgh; and Dr D P de Bono, 
Consultant Cardiologist at the Royal Infirmary in 
Edinburgh. 


The course is intended for cardiologists of consultant 
status with not fewer than five years' experience, heads 
and senior members of academic departments and 
general physicians engaged in active cardiology for at 
least the major part of their workload. 


There are vacancies for 30 participants. 
Fee: £915 residential, £610 non-residential. 


The course will be based in the beautiful and historic 
capital of Scotland. Resident members will be 
accommodated in a hotel. 
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Further information and application forms are available 
from British Council Representatives overseas or from 
Courses Department, The British Council, 65 Davies 
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